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Read May 3, HAT I have to communicate on 
4 10, 175% this ſubject was originally deduced 
from experiments made on working models, which 
I look upon as the beſt means of obtaining the out- 
lines in mechanical enquiries. But in this caſe it 
he. neceſſary to. diſtinguiſh the circumſtances in 
which a model differs from a machine in large; 
otherwiſe a model is more apt to lead us from the 
truth than towards it. Hence the common obſerva- 
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tion, that a thing may do very well i in 2 model, 6 
will not anſwer in large. And indeed, tho the ut- 
moſt circumſpection be uſed in this way, the beſt 
ſtructure of machines cannot be fully aſcertained, 

but by making trials with them, when — of their 
proper ſize. It is for this reaſon, that, tho” the mo- 
dels referred to, and the greateſt part of the follow- 
ing experiments, were made in the years 1752 and 
1753, yet 1 deferred offering them: to the Society, 
till I had an opportunity of putting the deductions 
made therefrom in real practice, in a variety of caſes, 
and for various purpoſes; ſo as to be able to aſſure 
the Soeiety, that I have found them to anſwer. 


A 
Concerning UNDERSHOT WaTER-WHEELsS.. 


PLATE IV. Fig. 1. is a perſpective view of the ma- 
chine for experiments on water- wheels; wherein 
AB Cb is the lower ciſtern,, or magazine, for re- 
ceiving the water, after it has quitted the wheel; 
and for ſupplying 
DE the upper ciſtern, or head; wherein the water 
being raiſed to, any height required, by a or 
that height is thewn „ 
F G, a ſmall rod, divided into inches and parts; 3 
With a float at the bottom, to move the rod up 
and down, as the ſurface of the water riſes and 
falls. 325 
HI is a rod by which the fluice 3 is drawn, and ſtopt 
at any height required, by means of _ 
K a pin or peg, which fits ſeveral holes, Placed 


£93 
in the manner of a diagonal ſcale, upon the face 
of the rod H I. Mes. pI 

GL is the upper of the rod of the ump, for 
drawing he port out of the lower _ 
order to raiſe and keep up the ſurface — 
at its deſired height, in the head D E; thereby 
to ſupply the water, N by the aperture 
of the ſluice, 

MM is the arch and handle for working the pump, 

which is limited in its ſtroke b 

N a piece for ſtopping the handle from raiſing the 
piſton too high; that alſo being prevented from 
going too low, by meeting the bottom of the 
barrel. 

O is the cylinder, upon which a cord winds, and 
which being conducted over the run! P and 
Q, raiſes 

R, the ſcale, into which the weights are put, for 
trying the power of the water. 

S T the two ſtandards, which ſupport the wheel, 
are made to ſlide up and down, in order to 44 
juſt the wheel, as near as poſſible, to the floor 

; e the conduit; 8 

W the beam which ſupports the ſcale and pul- 
lies; this is repreſented as but little higher than 
the machine, or the ſake of bringing the figure 

into a moderate compaſs, but in reality is _ 
8 or 16 feet RO than the wheel. 


PLaTE V. Fig. 2. is a ſection of the ſame 8 
wherein the ſame parts are marked with the ſame 
Ietters as in Fig. 1. Beſides which 
XX is the pump barrel, being 5 inches diameter, 
and 11 inches long. 11 
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J is the piſton; and 
Z the fixed valve. 1 
G V is a cylinder of wood, fixed upon the pump- 
rod, and reaches above the ſurface of the wa- 
ter ; this piece of wood being of ſuch a thick- 
neſs, that its ſection is half the area of that of the 
ump- barrel, will cauſe the ſurface of water to 
riſe in the head, as much while the piſton is 
deſcending, as while it is rifing : and will there- 
by keep the gauge-rod F G more equally to its 
height. Note, the arch and handle MM is here 
repreſented on a different fide to what it is ſhewn 
in the preceding figures, in order that its dimen- 
ſions may the better appear. _ | 
a a ſhews one of the two wires which ſerve as di- 
rectors to the float, in order that the gauge rod 
FG may be kept perpendicular; for the ſame 
4% apy alſo ſerves , a piece of wood with a 
ole to receive the gauge-rod, and keep it up- 
right. | 
. rture of the ſluice. WE | | 
cc a kant-board, for throwing the water more di- 
realy down the opening c d, into the lower 
cCiſtern: and 
ce is a ſloping board, for bringing back the water 
that is — up by the floats of the wheel. 


Fig. 3. repreſents one end of the main axis, with a 
ſection of the moveable cylinder, marked O in the 
preceding figures. 4 * 
ABCD is the end of the axis; whereof the parts 
B and D are covered with ferrules or hoops of braſs. 
E is a cylinder of metal; whereof the part * 
| | is 
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F is the pivot or gudgeon, 
cc is the ſection of an hollow cylinder of wood, 
the diameter of the interior part being ſome- 
what larger than the cylindrical ferrule B. 
32 a is the ſection of a ferrule of braſs, driven into 
the end of the hollow cylinder, and which is 
adjuſted to that marked B, ſo as to ſlide freely 
thereupon, but with as little ſhake as poſſible. 
bb, dd, g g, repreſent the ſection of a braſs ferrule, 
plate, and ſocket, fixed 5 the other end of 
the hollow cylinder; the ſocket dd being ad- 
juſted to ſlide freely upon the cylinder E, in the 
ſame manner as the ferrule @ 4 ſlides upon the 
cylinder B: the outer end of the ſocket at 
g is formed into a ſort of button; by puſhing 
whereof, the hollow cylinder will move back- 
wards and forwards, or turn round at pleaſure 
upon the cylindrical parts of the axis B and E. 
ee, 11, o o, repreſent the ſection of a braſs ferrule, al- 
ſo fixed upon the hollow cylinder : the edge of 
this ferrule | 
ee is cut into teeth, in the manner of a contrate 
wheel ; and the edge thereof 
00 is cut in the manner of a ratchett. 

Of conſequence, when the plate þd4d6 is 
puſhed cloſe to the ferrule D, the teeth of the 
ferrule ee will lay hold of 

G, a pin faxed into the axis; by which means the 
hollow cylinder is made to turn along with the 
wheel and axis: but being drawn back by the 
button g g, the hollow cylinder is thereby diſ- 
engaged from the pin G, and ceaſes turning. 
Note. The weight in the ſcale is moe 
. rom 


KS 
from running back, by a catch that plays in 
and lays hold of the ratchet o. 1 
Buy this means the hollow cylinder upon which 
the cord winds, and raiſes the weight, is put in 
action and diſcharged therefrom inſtantaneouſly, 
while the wheel is in motion: for without ſome 
cContrivance of this kind, it would not be eaſy 
to make this ſort of experiments with any to- 
lerable degree of exactneſs. | 83 8 
Ihe uſe of the apparatus now deſcribed will be 
rendered more intelliible, by giving a general idea 
of what 1 had in view; but as I ſhall be obliged to 
make uſe of a term which has heretofore been the 
cauſe of diſputation, I think it neceſſary to aſſign the 
ſenſe in which I would be uuderſtood to uſe it; and 
in which I apprehend it is uſed by practical Mecha- 
—_—_ 7 7: 9-5 77: r 
The word Power, as uſed in practical mechanicks, 
I apprehend to ſignify the exertion of ſtrength, gra- 
vitation, impulſe, or preſſure, ſo as to produce mo- 
tion: and by means of ſtrength, gravitation, im- 
pulſe, or preſſure, compounded with motion, to be 
capable of producing an effect: and that no effect is 
properly mechanical, but what requires ſuch a kind 
of power to produce it. wie 
The raiſing of a weight, relative to the height to 
which it can be raiſed in a given time, is the moſt 
roper meaſure of power ; or, in other words, if the 
weight raiſed is multiplied by the height to which 
it can be raiſed in a given time, the product is the 
meaſure of the power raifing it ; and conſequently, 
all thoſe powers are equal, whoſe products, made by 
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ſuch multiplication, are equal: for if a power can 
raiſe twice the weight to the ſame height; or the 
ſame weight to twice the height, in the ſame time 
that another power can, the firſt power is double the 
fecond : and if a power can raiſe half the weight to 
double the height ; or double the weight to half the 
height, in the ſame time that another can, thoſe two 
powers are equal. But note, all this is to be under- 
ſtood in caſe of ſlow or equable motion of the body 
raiſed ; for in quick, accelerated, or retarded mo- 
tions, the vis inertiæ of the matter moved will make 
a variation. 

In comparing the effects produced by water- 
wheels, with the powers producing them; or, in 
other words, to know what part of the original 
power is neceſſarily loſt in the application, we muſt 
previouſly know how much of the power is ſpent 
in overcoming the friction of the machinery, and 
the reſiſtance of the air; alſo what is the real velo- 
city of the water at the inſtant that it ſtrikes the 
wheel; and the real quantity of water expended in 
a given time. | | 

From the velocity of the water, at the inſtant that 
it ſtrikes the wheel, given; the height of head pro- 
ductive of ſuch velocity can be deduced, from ac- 
knowleged and experimented principles of hydroſta- 
ties: ſo that by multiplying the quantity, or weight 
of water, really expended in a given time, by the 
height of head ſo obtained; which muſt be conſi- 
dered as the height from which that weight of wa- 
ter had deſcended in that given time; we ſhalt have 
a product, equal to the original power of the water; 
and clear of all uncertainty, that would ariſe from 
the friction of the water, in paſſing ſmall apertures; 
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and from all doubts, ariſing from the different mea- 
ſure of ſpouting waters, aſſigned by different authors. 
On the other hand, the ſum of the weights raiſed 
by the action of this water, and of the weight re- 
quired to overcome the friction and reſiſtance of the 
machine, multiplied by the height to which the 
weight can be raiſed in the time given, the product 
will be equal to the effect of that power; and the 
proportion of the two products will be the propor- 
tion of the power to the effect: ſo that by loading 
the wheel with different weights ſucceſſively, we 
ſhall be able to determine at what particular load, 
and velocity of the wheel; the effect is a maximum. 
The manner of finding the real velocity of the 
water, at the inſtant of its ſtriking the wheel; the 
manner of finding the value of the friction, reſiſt- 
ance, &c. in any given caſe; and the manner of 
finding the real expence of water, ſo far as con- 
cerns the following experiments, without having re- 
courſe to theory; being matters upon which the fol- 
lowing determinations depend, it will be neceſſary 
to explain them. | 


To determine the Velocity of the Water ſtriking the 
| Wheel. 5 


It has already been mentioned, in the references 
to the figures, that weights are raiſed by a cord 
winding round a cylindrical part of the axis. Firſt, 
then, let the wheel be put in motion by the water, 
but without any weights in the ſcale; and let the 
number of turns in a minute be 60: now it is evi- 
dent, that was the wheel free from friction and reſiſt- 
ance, that 60 times the circumference of the _ | 
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would be the ſpace through which the water would 
have moved in a minute; with that velocity where- ' 
with it ſtruck the wheel: but the wheel being in- 
cumbred by friction and reſiſtance, and yet moving 
60 turns in a minute, it is plain, that the velocity 
of the water muft have been greater than 60 cir- 
cumferences before it met with the wheel, Let 
now the cord be wound round the cylinder, but 
contrary to the uſual way, and put a weight in 
the ſcale; the weight ſo diſpoſed (which may be 
called the counter-wezght) will endeavour to aſſiſt the 
wheel in turning the ſame away, as it would haye 
been turned by the water : put therefore as much 
weight into the ſcale as, without any water, will 
cauſe it to turn ſomewhat faſter than at the rate of 
60 turns in a minute; ſuppoſe 63: let it now be 
tried again by the water, aſſiſted by the weight; the 
wheel therefore will now make more than 60 turns; 
ſuppoſe 64: hence we conclude the water ſtill ex- 
erts ſome power in giving motion to the wheel. Let 
the weight be again increaſed, ſo as to make 64. 
turns in a minute without water: let it once more 
be tried with water as before ; and ſuppoſe it now 
to make the ſame number of turns with water as 
without. viz. 64: hence it is evident, that in this 
caſe the wheel makes the ſame number of turns in 
a minute, as it would do if the wheel had no fric- 
tion or reſiſtance at all ; becauſe the weight is equi- 
valent thereto; for was it too little, the water would 
accelerate the wheel beyond the weight ; and if too 
great, retard it; ſo that the water now becomes a 
regulator of the wheel's motion; and the velocity 
of its circumference becomes a meaſure of the velo- 
City of the water. | 
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In like manner, in ſeeking the greateſt product, 
or maximum of effect; having found by trials what 
weight gives the greateſt product, by ſimply multi- 
plying the weight in the ſcale by the number of turns 
of the wheel, find what weight in the ſcale, when 
the cord is on the contrary ſide of the cylinder, will 
cauſe the wheel to make the ſame number of turns 
the ſame way, without water; it is evident that this 
weight will be nearly equal to all friction and reſiſt- 
ance taken together; and conſequently, that the 
weight in the ſcale, with twice * the weight of the 
ſcale, added to the back-or counter-weight, will be 
equal to the weight that could have been raiſed, ſup- 
poſing the machine had been without friction or re- 
ſiſtance; and which multiplied by the height to 
which it was raiſed, the product will be the greateſt 
effect of that power. 


The quantity of water expended 1s found thus : 


The pump made uſe of for repleniſhing the head 
with water was ſo carefully made, that no water 
eſcaping back by the leathers, it delivered the ſame 
quantity of water at every ſtroke, whether worked 
quick or flow ; and as the length of the ſtroke was 
limited, conſequently the value of one ſtroke (or on 
account of more exactneſs 12 ſtrokes) was known, by 
the height to which the water was thereby raiſed in 
the head ; which being of a regular figure was eaſily 
meaſured. The ſluice, by which the water was drawn 
upon the wheel, was made to ſtop at certain heights 
by a peg ; ſo that when the Peg was in the ſame hole, 


* The weight of the ſcale makes part of the weight both ways. 
8 25 — 
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the aperture for the effluent water was the ſame. 
Hence the quantity of water expended by any given 
head, and opening of the ſluice, may be obtained : for 
by obſerving how many ſtrokes a minute was ſuffi- 
cient to keep up the ſurface of the water at the given 
height, and multiplying the number of ſtrokes by the 
value of. each, the water expended by any given 
aperture and head in a given time will be given. 

Theſe things will be further illuſtrated by going 
over the calculus of one ſett of experiments. 


Specimen of a Sett of Experiments. 
Ihe ſluice drawn to the 1ſt hole. 

The water above the floor of the ſluice 30 Inches. 
Strokes of the pump in a minute — 392 
The head raiſed by 12 ſtrokes — 21 Inches. 
The wheel raiſed the empty ſcale, and made turns 

in a minute | 80 
With a counter-weight of 1 1b. 8 oz. it made 8g 


Do tried with water — 86 
Ne Weight. Turns in a min. Product. 
1b. oz. | 
1 — 4 O — 45 — 180 
2 — 5 o — 42 — 210 
0 30 — = 
1 © — 3% —e_ 
5 — 8 0 — 30 — 240 maximum, 
6 — 9 o — 264 — 238+ 
7 — 10 © — 22 — 220 
8 — 11 0 — 164 — 181+ 
9 — 12 * ceaſed working, 


—— — 


N. B. When the wheel moves ſo flow as not to rid the wa- 
ter ſo faſt as ſupplied by the ſluice, the accumulated water falls 
back upon the aperture, and the wheel immediately ceaſes moving. 


Counter 
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Counter-weight, for 30 turns without water, 2 02. in 
the ſcale. | 
N. B. The area of the head was 105, 8 ſquare inches. 
Weight of the empty ſcale and pulley, 10 oz. 
Circumference of the cylinder, 9 inches. 
Circumference of the water-wheel, 7 5 ditto. 


Reduction of the above Sett of Experiments. 


The circumference of the wheel, 75 inches, mul- 
tiplied by $6 turns, gives 6450 inches for the velo- 
city of the water in a minute; z of which will be 
the velocity in a ſecond, equal to 107,5 inches, or 
8,900 feet, which is due to a head of 15 inches *; 
and this we call the virtual or effefive head. 

The area of the head being 105,8 inches, this 
multiplied by the weight of water of the inch cubic, _ 

val to the decimal ,579 of the ounce avoirdupoiſe, 
gives 61,26 ounces for the weight of as much water, 
as is contained in the head, upon 1 inch in depth, 
of which is 3,83 pounds; this multiplied by the 
depth 21 inches, gives 80, 43 Ib. for the value of 12 
ſtrokes; and by proportion, 3 9 (the number made 
in a minute) will give 264,7 Ib. the weight of wa- 
ter expended in a minute. | 

Now as 264,7 Ib. of water may be conſidered as 
having deſcended through a ſpace of 15 inches in a 
minute, the product of theſe two numbers 3970 will 
"expreſs the power of the water to produce mechanical 
effects; which were as follows. 15 


tit Mt DA. at. 6th 1 * „ 


* This is determined upon the common maxim of hydroſtatics, 
that the velocity of young waters is dual to the velocity that 
an heavy body would acquire in falling from the height of the 


reſervoir; and is proved by the riſing of jets to the height of their 
reſervoirs nearly. f * 


The 


Fs 1 
The velocity of the wheel at the maximum, as ap- 
ars above, was 30 turns a minute; which mul- 
tiplied by 9 inches, the circumference of the cylin- 
der, makes 270 inches; but as the - ſcale was hung 
by a pulley and double line, the weight was only 
raiſed half of this, viz. 135 inches. 
The weight in the ſcale at the maximum 816. 002. 
Weight of the ſcale and pulley —— o 10 
Counterweight, ſcale, and pulley —— © 12 


Sum of the refiftance — — 9 6 
or 16. 9,375. 
Now as 9, 375 Ib. is raiſed 135 inches, theſe two 
numbers being multiplied together, the product is 
1266, which expreſſes the effect 22 at a ma- 
ximum : ſo that the proportion of the power to the 
effect is as 3970 : 1266, or as 10: 3,18. 

But tho this is the greateſt fng/e effect producible 
from the power mentioned, by the impulſe of the 
water upon an underſhot wheel; yet, as the whole 
power of the water is not exhauſted thereby, this 
will not be the true ratio between the power of the 
water, and the ſum of all the efed?s producible 
therefrom : for as the water mult neceflarily leave the 
wheel with a velocity equal to the wheel's circum- 
ference, it is plain that ſome part of the power of 
the water muft remain after quitting the wheel. 

The velocity of the wheel at the maximum is 30 
turns a minute ; and conſequently its circumference 
moves at the rate of 3,123 feet a ſecond, which an- 
ſwers to a head 1,82 inches; this being multiplied 
by the expence of water in a minute, viz. 264,7 lb. 
produces 481 for the power remaining in the water 
after it has paſſed the wheel: this being —.— 
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deducted from the original power 3970, leaves 3489, 
which is that part of the power which is ſpent in 
producing the effect 1266; and conſequently the 
part of the power ſpent in producing the effect, is to 
che greateſt effect producible thereby as 3489: 1266 

or a& 11 0 4. 

The velocity of the water tri king the wheel has 
been determined to be equal to 86 circumferences of 
the wheel per minute, and the velocity of the wheel 
at the maximum to be 30; the velocity of the water 


will therefore be to that of the wheel as 86 to 30, or 


as 10 to 3,5, or as 20 to 7. 
The load at tbe maximum has been ſhown to be 


equal to 9 Ib. 6 0z. and that the wheel ceaſed move- 
ing with 12 lb. in the ſcale : to which if the weight 
of the ſcale is added, viz. 10 ounces , the propor- 
tion will be nearly as 3 to 4 between the load at the 
maximumand that by which the wheel is ſtopped. 


It is ſomewhat remarkable, that tho' the velocity 
of the wheel in relation to the water turns out greater 
than 3 of the velocity of the the water, yet the im- 
pulſe of the water in the caſe of a maximum is more 
than double of what is aſſigned by theory; that is, 


inſtead of 4 of the column, it is nearly equal to the 


whole column. 

It muſt be remembred, A that, in the pre- 
ſent caſe, the wheel was not placed 1 in an open river, 
where the natural current, after it has communicated 
its impulſe to the float, has room on all ſides to eſ- 
Cape, as the theory ſuppoſes; but in a conduit or 
*The reſiſtance of the air in this caſe ceaſes, and the friction 
is not added, as 12 lb. in the ſcale was ſufficient to ſtop the wheel 


after it had been in full motion; and therefore ſomewhat more 
than a counterbalance to the impulſe of the water. 


race, 
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race, to which the float being adapted, the water 
cannot otherwiſe eſcape than by moving along with 
the wheel. It is obſervable, that a wheel working 
in this manner, as ſoon as the water meets the float, 
receiving a ſudden check, it riſes up againſt the float, 
like a wave againſt a fixed object; inſomuch that 
when the ſheet of water is not a quarter of an inch 
thick before it meets the float, 2 this ſheet will 
act upon the whole ſurface of a float, whoſe height 
is 3 inches; and conſequently was the float no higher 
than the thickneſs of the ſheet of water, as the the- 
ory alſo ſuppoſes, a great part of the force would have 
been loſt, by the water's daſhing over the float *. 

In further confirmation of what 1s already deli- 
vered, I have adjoined the following table, contain- 
ing the reſult of 27 ſetts of experiments, made and 
reduced in the manner above ſpecified. What re- 
mains of the theory of underſhot wheels, will natu- 
rally follow from a compariſon of the different ex- 
periments together. — 

Since the above was wrote, I find that Profeſſar Euler, in the 
Berlin Acts for the year 1748, in a memaire intitled, Jfaxims 4 
aranger le oe quantggeu{ment les — 4 à elever * eat 
har le magen de pampes, page 192. Y 9. following z 
which ſeems to be the more remarkable, as I don't find els 
given any demonſtration of the principle therein contained, either 
from theory or experiment; or has made any uſe thereof in his 
calculations on this ſubjet.——s Cependant dans ce cas puiſque 
Peau eſt reflechie, & qu'elle decoule ſur les aubes vers les cores, 
* elle y exerce encore une force particuliere, dont Veffet de im- 
« pulſion ſera augmente ; & experience jointe a la theorie a. fait 
« voir que dans ce cas, la force eſt preſque double: de forte 
« qu'il faut prendre le double de le ſection du fil d'eau pour ce 
<< qui repond dans ce cas a le ſurface des aubes, poiirvu qu elles 
& faient aflez larges pour recevoir ce ſupplement de force. Car ſi 
les aubes nẽtoient plus larges que le fil, on trait d'eau on ne 
4 dovrott prendre que ne ſimple ſection, tout comme dans le pre- 
mier cas, on Paube toute entire eſt pappee par Peau.“ 
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| Maxims and Obſervation "_ from the fortgoing 
| Table of Experiments. 

Maxim I. That the virtual or effective head being 
the ſame, the effect will be nearly as the guanti ty of 
water expended. 

This will appear by comparing the contents of the 
columns 4, 8, and 10, in the foregoing : ſetts of ex- 


periments; as for 
Example 1/t, taken from No. g. and 25, viz 
No. Virtual Head. Water expended. Effect. 
8 —— 7,29 —— 161 —— 328 
7 353 T 
Now the heads being equal, if the effects are pro- 
portioned to the water expended, we ſhall have by 
maxim 1ſt, 161: 355 :: 328: 723; but 723 falls 
ſhort of 785, as it turns out in experiment according 
to N. 25, by 62; the effect therefore of No. 25, 
compared with N. 8, is greater than aceording to 
the preſent maxim in the ratio of 14 to 13. 
The. foregoing example, with four ſimilar ones, 
are ſeen at one view int the following. Table. 
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Hence therefore, in comparing different experi- 
ments, as ſome fall ſhort, and others exceed the 
maximum, and all agree therewith, as near as can 
be expected, in an affair where ſo many different 
cireumſtances are concerned; we may, according to 
the laws of reaſoning by induction, conclude the 
maxim true; viz. that the effects are nearly as the 
quantity of water expended. 


Maxim IT. That the expence of water being the 
ſame, the effect will be nearly as the height of the 
virtwal or effective kast. 


'This alſo will appear by comparing the contents 
of columns 4, 8, and 10, in any of the ſetts of ex- 


periments.” a . 
Example 1, of No. 2. and No. 24. vis. 

No, Virt. Head, Expence. Effect. 

2 — 15 — 264,7 — 1266 
24 — 4.7 — 202 385 | 
Now as the —_ ces are not quite equal, we muſt 
proportion one of the effects accordingly: thus 
buy maxim 1ſt, 262: 264,7 :: 385: 389 
and by max. ad, 15: 4,7 :: 1266: 397 
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The effect therefore of No. 24. compared with N. - 
2. is leſs than according to the preſent maxim in the | 


ratio of 49: 30. 


The foregoing, and two other fimilar examples, 
are compriſed in the following Table. 
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Max. zd, 15 : 4,7 :: 1266 : 397 


* - 0 
: 22 6 
EE = 82 5 
Compariſon, I 
1312.8. 
3 = BY a _w_ 2 
Max. ſt, 262: 264,7 :: 385: 319 8 {49 30 


Max. zd. 15,85 : 3,55 : 1411: 316 


) Marx: itt, 114: 275 12 4994 5164 1 
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Max. iſt, 167, 5: 342 :: 212: 433 


Maxim III. That the quantity of water expended 


being the ſame, the ect is nearly as the ſquare of 


its velocity. 


This will appear by .comparing the contents of 
columns 3, 8, and 10, in any of the ſetts of experi- 
ments ; as for | 


Example 1/8 of N®. 2. with No. 24. vis. 


No. Turns in a min. Expence. Effect. 
2 — 86 = 264,7 * 1266 
24 48äͤç[—l 262 — 385 


The velocity being as the number of turns, we ſhall 
have, | 


by max. iſt, 262 : 264,7 :: 385 : 389 
and by max, 3d 6:46 * 1266: 394 
17396: 2304 


— 


| Difference - - 5 
The effect therefore of No. 24. compared with No. 
2. is leſs than by the preſent maxim in the ratio of 
E ä 


Max. 2d, 14,2: 4.25 3: 1505 : 450 17—428 . 


The foregoing, and three other ſimilar examples, 3 
e 


are compriſed in the following Table. 
Examples. 
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Maxim 4th. The aperture being the ſame, the effect 
vill be nearly as the cube of the velocity of the water. 


This alſo will appear by comparing the contents 
of columns 3, 8, and 10; as for 


1 I/, of No. 1. and No. 10, vis. 
Turns. EKExpence. Effect. 


| 4 — — 88 mama Pome. 
IO = 42 —— 114 —— 117 


Lemma. It muſt here be obſerved, that if water 
paſſes out of an aperture, in the fame ſection, but 
with different velocities; the expence will be pro- 
portional to the velocity ; and therefore converſely, 
if the expence is not proportional to the velocity, 
the ſection of the water 1s not the ſame. 


Now comparing the water diſcharged with the 
turns of N®?. 1. and 10, we ſhall have 88 : 42 :: : 
275: 131,2; but the water diſcharged by No. 10. 
is only 114 Ib. therefore, tho the ſluice was drawn 
to the ſame height in N. 10. as in No. 1. yet the 
ſection of the water paſſing out, was leſs in No. 10. 
than No. 1. in the proportion of 114 to 131, 2; con- 
ſequently had the effective aperture or ſection of the 
water been the ſame in No. 10. as in N. 1. fo that 
131, 2 lb. of water had been diſcharged inſtead of 
114, the effect would have been increaſed in the 
ſame proportion ; that is, 

by the Lemma, 88 : 42 :: 275 8003 
by maxim iſt, 3 32 2117: 13466 


and by max, 4cb, 1602 681472 = 1411: 153,5 
ence˖ —— 19 
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OB sERVATTIONS. 

Ob ſerv. 1//. On comparing column ad and 4th, 
Tab. I. it is evident, that the virtual bead bears 
no certain proportion to the head of water; but that 
when the aperture is greater, or the velocity of the 
water iſſuing therefrom leſs, they approach nearer to 
a coincidence : and conſequently in the large open- 
ings of mills and ſluices, where great quantities of 
water are diſcharged from moderate heads, the head 
of water, and virtual head determined from the ve- 
locity, will nearly agree, as experience confirms, 


QOb&/ery. 2d. Upon comparing the ſeveral pro- 
portions between the power and effect in column 
11th, the moſt general is that of 10 to 3; the ex- 
tremes 10 to 3,2 and 10 to 2,8; but as it is obſerv- 
able, that where the quantity of water, or the ve- 
locity thereof; that is, where the power is greateſt, 
the 2d term of the ratio is greateſt alſo; we may 
therefore well allow the proportion ſubſiſting in large 
works, as 3 to 1. | 

Ob/erv. 3d. The proportions of velocities be- 
ween the water and wheel in column 12, are con- 
tained in the limits of 3 to 1 and 2 to 1; but as 
the greater velocities approach the limit of 3 to 1, 
and the greater quantity of water approach to that 
of 2 to 1, the beſt general proportion will be that 
of 5 to 2. 

Obſerv. 4th. On comparing the numbers in 
column 13, it appears, that there is no certain ratio 
between the load that the wheel will carry at its 
maximum, and what will totally ſtop it; but that 


they are contained within the limits of 20 to 19, and 
| D of 
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of 20 to 15; but as the effect approaches neareſt 
to the ratio of 20 to 15, or of 4 to 3, when the 


power is greateſt, whether by increaſe of velocity, or 
quantity of water, this ſeems to be the moſt appli- 


cable to large works: but as the load that a wheel 


ought to have, in order to work to the beſt advan- 
tage, can be aſſigned, by knowing the effect it ought 
to produce, and the velocity it ought to have in pro- 
ducing it; the exact knowlege of the greateſt load it 
will bear, is of the leſs conſequence in practice. 


It is to be noted, that in all the examples under the 
three laſt of the four preceding maxims, the effect 
of the leſſer power falls ſhort of its due proportion 
to the greater, when compared by its maxim; except 
the laſt example of maxim 4th: and hence, if the 
experiments are taken ſtrictly, we muſt infer, that 


the effects increaſe and diminiſh in an higher ratio 
than thoſe maxims ſuppoſe : but as the deviation is 


not very conſiderable, the greateft being about 1-8th 
of the quantity in queſtion ; and as it is not eaſy to 


make experiments of ſo compounded-a nature with 


abſolute preciſion; we may rather ſuppoſe, that the 
leſſer power is attended with ſome friction, or works 
under ſome diſadvantage, which has not been duly 
accounted for, and therefore we may conclude, that 


theſe maxims will hold very nearly, when applied to. 


works 1n large. £40 
After the experiments above mentioned were tried, 


the wheel, which had originally 24 floats, was re- 


duced to twelve; which cauſed a diminution in the 
effect, on account of a greater quantity of water 


_ eſcaping between the floats and the floor; but a cir- 


cular. 


”- 


([ 27 J 
cular ſweep being adapted thereto, of ſuch a length, 
that one float entered the curve before the preceding 
one quitted it, the effect came ſo near to the former, 
as not to give hopes of advancing it by increaſing 
the number of floats beyond 24. in this particular 
wheel. 


PART 


Concerning OvERSs HOT WHEELS. 


Read May 24, \ the former part of this eſſay, we have 
"mn conſidered the impulſe of a confined 
ſtream, acting on Underſbot Wheels, We now pro- 
| ceed to examine the power and application of water, 
when acting by its gravity on Overſhot Wheels. 

In reaſoning without experiment, one might be 
led to imagine, that however different the mode of 
application is; yet that whenever the ſame quantity 
of water deſcends thro' the ſame perpendicular ſpace, 
that the natural effective power would be equal; 

ſuppoſing the machinery free from friction, equally 
calculated to receive the full effect of the power, and 
to make the moſt of it: for if we ſuppoſe the height 
of a column of water to be 30 inches, and reſting 
upon a baſe or aperture of one inch ſquare; every 
cubic inch of water that departs therefrom will ac- 
quire the ſame velocity or momentum, from the 
uniform preſſure of 30 cubic inches above it, that 
one cubic inch let fall from the top will acquire in 
falling down to the level of the aperture ; viz. ſuch 
a velocity as in a contrary direction would carry it to 


D 2 the 


* 
. 
24 
n 
4 

| 
. 
4 

155 

vi 

£ 

"7 
4 
1 {| 
: £ 
ba 
; 
"i 

: 
1.7 
"+; 
. 

14 
1 
It 


7 
. 
. 


4 
N 
v 
4h 
3 
* 
; 
7 
Tal 
1 
1 
. 
i 
: 
i 
13 4 
it 
1% 
$4 


— 


—— 


of 
i 
1 
RIEL 
27.4 
. 7 
5 
* 
. 
* 
. 
"nt 
4 
II. 
a 
+ 
4 9 
L ' 
IL 
- I 
- $9 
1 10 
i 
|: 
iy 
4 
& > 
ll 
1 
50. 
** 
= 
: 
Neb 
6 : 
1 
1 
0 
ip 
m7, 
I. 
"9 
A . 


— ＋ 


= — 
2 2 2 2 1 
—_— - SpA 6 r 
— a - "Re 2 
— —— < 
; 5 — — 
= _ : 


— 
* IS 


a , 
"a po. tak * 


N * 1 * * * , * BY... 7 a 
— 2 A 1 82 2 7 HY 8 


r 
r r RT. + ia all 
the level kom Whenes it fell; * ons wöuld-Hereforb 
ſuppoſe, chaten cubie inen of, water, let fall thre? y 
ſpace of 30 inches, and there impinging upon ar- 
ether body, would be capable of producing an equal 
effect by. colliſion, as if the ſame cubic ch had de- 
ſcended thro” the fame ſpace with a flower motion, 
and produced its effects gradually: for in both caſes 
gravity acts upon an equal quantity of matter, thro” 
an equal ſpace +; and conſequently, that whatever 
was the ratio between the power and effect in under- 
ſhot wheels, the ſame would obtain in overſhot, and 
indeed in all others: yet, however concluſive this 
| reaſoning may ſeem, it will appear, in the courſe of 
the following deductions, that the effect of the gra- 
vity of deſcending bodies is very different from the 
effect of the ſtroke of ſuch as are fan-elaſtic, tho 
generated by an equal mechanical power. 

The alterations in the machinery already deſoribed, 
to accommodate the ſame for experiments on over- 
ſhot wheels, were principally as follows, 


PLATE V. Fig. 2, The ſluice 16 being ſhut: 
down, the rod HI was unſcrewed and taken off, 

The underſhot water-wheel was taken off the axis, 
and inſtead thereof an overſhot wheel of the ſame. 
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„This is a conſequence of the riſing of jetts to the height of 
their reſervoirs nearly. | 

+ Gravity, it is true, acts a longer ſpace of time upon the body 
that deſcends flow than upon that which falls quick; but this can- 
not occaſion the difference in the effect: for an elaſtic body falling 
thro* the ſame ſpace in the ſame time, will, by colliſion upon an- 
other elaſtic body, rebound nearly to the height from which it fell; 
or, by communicating its motion, cauſe an equal one to aſcend 


to the ſame height, : 
diameter 


+ 
4 


the number of the hc 


by or as th 5 the ducket; 
ckets was 

The ſtandards S and T, Fig. * were raifld half 
an inch, ſo that the bottom of the wheel might be 


clear of ſtagnant water, 
A trunk, for bringing the water upon the wheel, 


was two hes: in n 


was fixed according to the dotted lines g. Fig. 2. 
The aperture was adjuſted by a ſhuttle h i, which 


alſo cloſed up the outer end of. the trunk, when the 


water was to be ſtopped. 


Fig. 3. The ratchet o o, not being of one wake 


of — with the ferrule e e, 11 (tho ſo deſcribed. 
before, to prevent unneceſſary diſtinctions), was with 
its catch turned the contrary ſide; conſequently the 


moveable barrel would do its office equally, notwith- 


ſtanding the water- Wheel, when at work, moved the 


contrary Way, 


Specimen 


This wheel 


182 
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Specimen of a Sett of. Experiments, 
Head 6 inches, 
L ſtrokes of the pump in a minute, 12 ditto 
590 pb. 
Weight of the ſcale (being wet) 105 oz. 
Counterweight for 20 turns, beſides the ſcale, 3 02. 


Weight in 


No. the Scale, Turns. Product. Obſervations 
1 —— Olh, — bo —— — | Threw moſt part 
2 — 1 — 56 — — > of the water out 
3 — 32 — )] ofthe wheel. 
4 — 3 — 49 — 147 Received the wa- 
5 — 4 — 47 — 188 fl ter morequietly. 
6 — 5 — 45 — 225 
2— 6 — 424 — 255 
8 — — 4 287 
9 — 8 — 381 — 308 

IO — 9 — 361 — 328+ 
„ 355 
12— I] — 324 — 360+ 
7 — 

14 — 13 — 28+ 370 5 
15 — 14 — 27+ — 385 
16 —— 15, —— 26 — 390 
17 — 16 —— 244 —— 392 
18 — 17 — 224 — 3864 
19 — 18 — 214 —— 3914 

20 —> 19 — 20} — 3941 Maximum. 

21 — 20 — 194 — 395 
22 — 21 — 184 88 4 

| 29 —_— 22 — 18 — 396 Work'd irregular, 
24 —— 23 — Overſet by its load. 


* The ſmall difference, in the value of 12 ftrokes of the pump, 
from the former experiments, was owing to a ſmall difference in 
the length of the _ occaſioned wh the warping of the wood. 

Reduci ton 
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Reduction of the preceding Specimen, 


In theſe experiments the head being 6 inches, and 
the height of the wheel 24 inches, the whole de- 
ſcent will be 30 inches: the expence of water was 
14 + ſtrokes of the pump in a minute, whereof 12 
contained 80 lb.; therefore the water expended in a 
minute was 96 J lb. which, multiplied by 30 inches, 
gives the power = 2900, 

If we take the 2oth experiment for the maximum, 
we ſhall have 20 4 turns in a minute, each of which 
raiſed the weight 4 + inches, that is, 93,37 inches in 
a minute. The weight in the ſcale was. 19 lb, the 
weight of the ſcale 10+ oz.; the counter- weight 3 oz, 
in the ſcale, which, with the weight of the ſcale 
102 Oz. makes in the whole 20 lb. which is the 
whole reſiſtance or load : this, multiplied by 93,37 
inches, makes 1914. for the effect. 

The ratio therefore of the power and effect will 
be as 2900: 1914, or as 10: 6,6, or as 3: 2 nearly. 

But if we compute the power from the height of 
the wheel only, we ſhall have 96 4 1b. multiplied by 
24 inches = 2320 for the power, and this will be 
to the effec? as 2320: 1914, Or as 10: 82, or as 
5: 4 nearly. | 


The reduction of this ſpecimen is ſet down in 
Ne. 9. of the following Table; and the reſt were de- 
ducted from a ſimilar ſett of experiments, reduced in 
the ſame manner. 


TABL B. 
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TABLE II. containing the Reſult of Sixteen Setts 
of Experiments on Overſhot Wheels. 
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Obſervations and Deduftions from the foregoing Ex- 
=1 periments. 
I. Concerning the Ratio between the Power and Effect 
of Overſhot Wheels, | 
The effective power of the water muſt be rec- 


koned upon the whole deſcent ; becauſe it muſt be 
| 4 raiſed 


= C22 1] 
raiſed. thut height, in order to be in a condition of 
producing the fame effect a ſecond time. 

The ratio's between the powers ſo eſtimated, and 
the eſfects at the maximum deduced from the ſeveral 
ſetts of experiments, are exhibited at one view in 
column g. of Table II.; and from hence it ap 
that thoſe ratio's differ from that of 10 to 7,6 to that 
of 10: 5, 2, that is, nearly from 4: 3 to 4:2. In 
thoſe experiments where the heads of water and 
quantities expended are leaſt, the proportion is near- 
ly as 4: 33 but where the heads and quantities are 
greateſt, it approaches nearer to that of 4: 2; and 
by a medium of the whole, the ratio is that of 3: 2 
nearly. We have ſeen before, in our obſervations 
upon the effects of underſhot wheels, that the gene- 
ral ratio of the power to the effect, when greateſt, 
was 3: 1; the effect rherefore of overſhot heels, under 
the = circumftantes of quantity and fall, is at 4 
medium” double to that of the underſhot + and, as a 
confequence thereof, that nonelaſtic bodies, when att- 
ing by their impulſe or collifoon, communicate only 4 
part of their original power; the other part being 
_ in changing their figure in confequence of the. 

oke. | 
The powers of water computed from the height 
of the wheel only, compared with the effects, as in 
cohumn 10. appear to obſerve a more conſtant ratio: 
for if we take the medium of each claſs, which is 
ſer down in column 11, we ſhall find the extremes 
to differ no more than from the ratio of 10: 8,1 to 
that of 0: 8, 5; and as the fecond term of the ratio 
gradually increaſes from 8, 1 to 8,5, by an increaſe 
A head from 3 inches to EY, I exceſs of 8,5 * 
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8,1 is to be imputed to the ſuperior impulſe of the 
water at the head of 11 inches above that of 3 
inches: ſo that if we reduce 8, 1 to 8, on account 

of the impulſe of the 3 inch head, we ſhall have 
the ratio of the power, computed upon the height of 
the wheel only, to the eſect at a maximum as 10: 8, 
or 4s 5: 4 nearly: and from the equality of the ratio 
between power and effect, ſubſiſting where the con- 
ſtructions are ſimilar, we muſt infer, that the eſtects, as 
well as the powers, are as the quantities of water and 
perpendicular heights multiphed together reſpe#ively. 


II. Concerning the moſt proper Height of the Wheet 
in proportion to the whole Deſcent, 


We have already ſeen, from the preceding ob- 
ſervation, that the effect of the. ſame quantity of 
water, deſcending thro' the ſame perpendicular fpace, 
is double, when acting by its gravity upon an over- 
ſhot wheel, to what the ſame produces when acting 
by its impulſe upon an underſhot. It alſo appears, 
that by increaſing the head from 3 inches to 11, that 
is, the whole deſcent, from 27 inches to 35, or in the 
ratio of 7 to 9 nearly, the effect is advanced no more 
than in the ratio of 8,1 to 8, 4, that is, as 7: 7,26;. 
and conſequently the increaſe of effect as not 1-7th 
of the increaſe of perpendicular height. Hence it 
follows, that the bigher the wheel is in proportion to 


| the whole deſcent, the greater will be the effect; be- 


cauſe it depends leſs upon the impulſe of the head, 
and more upon the gravity of the water -in the 
buckets: and if we. conſider. how: obliquely the 
water iſſuing from the head muſt ſtrike the buckets, 
we ſhall not be at a loſs to account for the little ad- 
2 LL = vantage 
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vantage that ariſes from the impulſe thereof ; and ſhall 
immediately ſee of how little conſequence this impulſe 
is to the effect of an overſhot wheel. However, as 
every thing has its limits, ſo has this : for thus much is 
deſirable, that the water ſhould have ſomewhat greater 
velocity, than the circumference of the wheel, in 
coming thereon; otherwiſe the wheel will not only 
be retarded, by the buckets ſtriking the water, but 
thereby daſhing a part of it over, ſo much of the 

wer 1s loſt. 6 - | 

The velocity that the circumference of the wheel 
ought to have, being known by the following de- 
ductions, the head requiſite to give the water its pro- 

velocity is eaſily computed from the common 

rules of hydroſtatics; and will be found much leſs 
than what is generally practiſed, . 


III. Concerning the Velocity of the Circumference f 
the Wheel, in order to produce the greateſt Effect. 


If a body is let fall freely from the ſurface of the 
head to the bottom of the deſcent, it will take a 
certain time in falling ; and in this caſe the whole 
action of gravity is ſpent in giving the body a certain 
velocity: but if this body in falling is made to act 
upon ſome other body, ſo as to produce a mechani- 
cal effect, the falling body will be retarded; becauſe 
a part of the action of gravity is then ſpent in pro- 
ducing the effect, and the remainder only giving 
motion to the falling body: and therefore the flower 
a body deſcends, the greater will be the portion of the 
action of gravity applicable to the producing a me- 
chanical effefF ; and in conſequence the greater that 


effect may be, 
: E 2 Tf 
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If a ſtream of water falls into the bucket, of an 
overſhot wheel, it is there retained till the wheel 
by moving round diſcharges. it: of: conſequence the 
flower the wheel moves, the more water each bucket 
will receive: ſo that what is loſt in ſpeed, is gained 
by the preſſure of a greater quantity of water acting 
in the buckets at once: and, if conſidered only in this 
light, the mechanical power of an overſhot wheel to 
produce effects will be equal, whether it moves quick 
or ſlow : but if we attend to what has been juſt-now 
obſerved; of the falling body; iti will appear: that 
ſo much. of! the action of; gravity, as is-employed in 
giving the Wheel and water therein;a.greater velocity, 
muſt be ſubtracted from its preſſure upon the buckets; 
N. t'ꝛat. the! the product made: by: multiplying: the 
number of cubic inches aß water acting in the-wheel - 
at once by its velocity will be the ſame in all caſes ; 
yet, as each cubic inch, when the velocity-is:greater 
does not preſs ſo much upon the bucket as when it 
is. 4%, the power of the water to produce effects. will 


be greater in the leſs. velocity tharr in; the greater: 


and hence we are led to this general rule, that, 
cæteris paribus, Ihe le/5 the velocity of the wwheel, the 


greater will be the effe# thereof: A confirmation of 


this doctrine, together with the limits it is ſubject to 
in practice, may be deduced from the foregoing ſpe- 


cimen of a ſett of experiments. 
From theſe experiments it appears, that when the 
wheel made about 20 turns in a minute, the effect 
was, near upon, the greateſt, When it made 30 turns, 
the effect was diminiſhed about 25 part; but that 
when it made 40, it was dimimiſhed about ; when 
it made leſs than 18 4, its motion was irregular ; _ | 
| Wen 


[97] 
| when it was loaded ſo as not to admit its making 18 
turns, the wheel was overpowered by its load. 

It is an advantage in practice, that the velocity of 
the wheel ſhould not be diminiſhed further than what 
will procure fome ſolid advantage in point of power; 
becauſe, cœteris paribus, as the motion is ſlower, 
the buckets muſt be made larger; and the wheel 
being more loaded with water, the ſtreſs upon every 
part of the work will be increaſed in proportion: 
The beſt velocity for practice therefore will be ſuch, as 
when the wheel here uſed made about 30 turns in a 
minute ; that is, when the velocity of the circum- 
ference is a little more than 3 feet in a ſecond. 

Experience confirms, that this velocity of 3 feet 
in a ſecond is applicable to the higheſt overſhot wheels, 
as well as the loweſt; and all other parts of the 
work: being properly. adapted thereto, will produce 
very nearly the greateſt effect poſſible : however this 
alfo is certain from experience, that High wheels may 
deviate further from this rule, before they will loſe 
their power, by à given aliquot part of the whole, 
than low ones can be admitted to do; for a wheel of 
24 feet high may move at the rate of ſix feet 
fecond without loſing any conſiderable part of its 
Dower *; and, on the other hand, I have ſeen a 
wheel of 33 feet high, that has moved very ſteadily 
and well with a velocity but little exceeding 2 feet. 


—— 
— 


— 


*The 24 feet wheel going at 6 feet in a ſecond ſeems owing to 
the ſmall proportion that the head (requiſite to give the water the 
proper velocity of the wheel) bears to the whole height. 


IV . Con- 
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IV. Concerning the Load for an Overſhot Wheel, in 
order that it may produce a Maximum, 


The maximum load for an overſhot wheel, is that 
which reduces the circumferences of the wheel to its 
proper velocity; and this will be known, by dividing 
the effect it ought to produce in a given time by the 
ſpace intended to be deſcribed by the circumference 
of the wheel in the ſame time : the quotient will be 
the reſiſtance overcome at the circumference of the 
wheel ; and is equal to the load required, the fric- 
tion and reſiſtance of the machinery included. 


. Concerning the greateſt poſſible Velocity of an 
Over ſbot Wheel. 1 


The greateſt velocity that the circumference of an 
overſhot wheel is capable of, depends jointly upon 
the diameter or heigbt of the wheel, and the velo- 
city of falling bodies; for it is plain that the velocity 
of the circumference can never be greater, than to 
deſcribe a ſemi-circumference, while a body let fall 
from the top of the wheel will deſcend: thro' its di- 
ameter ; nor indeed quite ſo great, as a body de- 
ſcending thro' the ſame perpendicular ſpace cannot 
perform the ſame in ſo ſmall a time when paſſing 
thro' a ſemi-circle, as would be done in a perpendi- 
cular line. Thus, if a wheel is 16 feet 1 inch high, 
a body will fall thro' the diameter in one ſecond : 
this wheel therefore can never arrive at a velocity 
equal to the making one turn in two ſeconds ; but, 
in reality, an overſhot wheel can never come near 
this velocity; for when it acquires a certain yu 

the 


5 
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the greateſt part of the water is prevented from en- 
tiring the — and the . a certain point 
of its deſcent, is thrown out again by the centrifugal 
force. This appears to have been the caſe in the 
three firſt experiments of the foregoing ſpecimen ; 
but as the velocity, when this begins ww, pen, de- 
pends upon the form of the buckets, as well as other 
circumſtances, tbe utmoſt velocity of overſhot wheels 
is not to be determined generally: and, indeed, it is 
the leſs neceſſary in practice, as it is in this circum- 
ſtance incapable of producing any mechanical effect, 
for reaſons already given. 


VI. Concerning the greateſt Load that an Over ſhot 
Wheel can overcome. 


The greateſt had an over/hot wheel will overcome, 
confidered abſtrafedly, is unlimited or infinite: for as 
the buckets may be of any given capacity, the more 
the wheel is loaded, the ſlower it turns; but the 
flower it turns, the more will the buckets be filled 
with water ; and conſequently tho' the diameter of 
the wheel, and quantity of water expended, are both 
limited, yet no reſiſtance can be aſſigned, which it is 
not able to overcome: but in practice we always 
meet with ſomething that prevents our getting into 
infiniteſimals; for when we really go to work to build 
a wheel, the buckets muſt neceſſarily be of ſome 
given capacity; and conſequently ſuch a reſiſtance 
will ſtop the wheel, as is equal to the effort of all the 
buckets in one ſemi-circumference filled with water. 

The ſtructure of the buckets being given, the 
quantity of this effort may be aſſigned ; but is not 
of much conſequence to the practice, as in this 5 , 
alſo 


3 
alſo the wheel loſes its power; for tho' here is the 
_ exertion of gravity upon a given quantity of water, 
yet being prevented by a counterbalance from mov- 
ing, is capable of producing no mechanical effect, 
according to our definition. But, in reality, an over- 
ſhot wheel generally ceaſes to be uſeful before it is 
loaded to that pitch; for when it meets with ſuch a 
reſiſtance as to diminiſh its velocity to a certain degree, 
its motion becomes irregular ; yet this never happens 
till the velocity of the circumference is leſs than 2 fert 
per ſecond, where the refiſtance is equable, as appears 
not only from the preceding ſpecimen, but from ex- 
periments on larger wheels. 


SCHOLIUM. 


Having now examined the different effects of the 
power of water, when acting by its :mpulſe, and by 
its weight, under the titles of under/bot and overſbot 

wheels; we might _— proceed to examine the 
effects when the impulſe and weight are combined, as 
in the ſeveral kinds of breaft-wheels, &c. but, what has 
been already delivered being carefully attended to, the 
application of the ſame principles in theſe mixt caſes 
will be eaſy, and reduce what I have to ſay on this 
head into a narrow compaſs : for all kinds of wheels 
where the water cannot deſcend thro' a given ſpace, 
unleſs the wheel moves therewith, are to be con- 
ſidered of the nature of an overſhot wheel, accord. 
ing to the perpendicular height that the water de- 
ſcends from; and all thoſe that receive the impulſe 
or ſhock of the water, whether in an horizontal, per- 
pendicular, or oblique direction, are to be conſidered 
as underſhots. And therefore a wheel, which the 


water 
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water ſtrikes at a certain point below the ſurface of 
the head, and after that deſcends in the arch of a 
eircle, preſſing by its gravity upon the wheel; the 
ect of ſuch a wheel will be equal to the effect of an 
underſhot, whoſe head is equal to the difference of 
level between the ſurface of the water in the reſervorr 
and the point where it ſtrikes the wheel, added to that 
F an overſbot, whoſe height is equal to the difference 
of level, between the point where it ſtrikes the wheel 
and the level of” the tail-water. It is here ſuppoſed, 
that the wheel receives the: ſhock of the water at 
right angles to its radii; and that the velocity of: its 
circumference is properly adapted to receive the ut- 
moſt advantage of both theſe powers ; otherwiſe. a 
reduction muſt be made on that account; 

Many obvious and conſiderable improvements up- 
on the common practice naturally offer themſelves, 
from a due conſideration of the principles here eſtab- 
liſhed, as well as many popular errors ſhow them- 
ſelves in view: but as my preſent purpoſe extends 
no farther than the laying down ſuch general rules 
as will be found to anſwer in practice, I leave the 
particular application to the intelligent artiſt, and to 
the curious in theſe matters. 


FART. IL 


On the Conſtruction and Effects of WINDMILL» 
| SAILS, 


Read 31 May & JN trying experiments on windmill. 
14 June, 1759. 1 ſails, the wind itſelf is too uncertain. 
to anſwer the purpoſe : we muſt therefore have re-- 


courſe to an artificial wind, 
ER. a F | This: 
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This may {be done two ways; either by cauling 
the air to move againſt the machine, or the machine 
to move againſt the air. To cauſe the air to move 
againſt the machine, in à ſufficient volumn, with 
ſteadineſs and the requiſite velocity, is not eaſily put 
in practice: To carry the machine ferward in a 
right line againſt the air, would require a larger room 
than 1 could conveniently meet with. What I found 
molt practicable, therefore, was, to carry the axis, 
-whereon the ſails were to be fixed, progreſſively round 
in the circumference of a large circle. Upon this 
idea * a machine was conſtructed, as follows. 


| PLATE VI. Fig. 1. „ 
ABC is a pyramidical frame for ſupporting the 
ä 
D E is an upright axis, whereon is framed 
F G, an arm for carrying the fails at a proper diſ- 
tance from the center of the upright axis. 


8 


* Some years ago Mr. Rouſe, an ingenious gentleman of Har- 
/borough in Leiceſterſhire, ſet about trying experiments on the ve- 
locity of the wind, and force thereof upon plain ſurfaces” and 
windmill-ſails: and much about the ſame time Mr. Ellicott con- 
rived a machine for the uſe of the late celebrated Mr. B. Robins, 
For trying the reſiſtance of plain ſurfaces moving thro' the air. 
The machines of both theſe gentlemen were much alike, tho' at 
that time totally unacquainted with each other's inquiries. But it 
=—_ happens, that when two perſons think juſtly upon the ſame 

ubject, their N N are alike. This machine was alſo built 
upon the ſame idea as the foregoing ; but differed in having the hand 


for the firſt mover, with a pendulum for its regulator, inſtead of a 


weight, as in the former; which was certainly beſt for the pur- 
poſes of meaſuring the impulſe of the wind, or reſiſtance of plains : 
but the latter is more applicable to experiments on windmill-fails ; 
becauſe every change of poſition of the: a me fails wlll occaſion 
their meeting the air Witti a different velocity, tho* urged by the 
7 : N 8 8 | 2 H 1 
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H is a ** upon the upright axis, whereon is 

wound a cord; which, being drawn by the 

hand, gives a circular motion to the axis, and 

to the arm F G; and thereby carries the axis 

of the fails in the circumference of a circle, 

whoſe radius is DI, cauſing thereby the fails 

to ſtriker the air, and turn round upon their 
OWN axis. 

At L is fixed the end of a ſmall line, which paſſing 
through the pullies MN O, terminates upon a 
ſmall cylinder or barrel upon the axis of the 
fails, and, by winding thereon, raiſes: 

P the ſcale, wherein the weights are placed for 
trying the power of the ſails. This Lale moving 
up and down in the direction of the upright 
axis, receives no diſturbance from the circular 

| motion. 

QR two parallel pillars ſtanding upon the arm F G, 
for the purpoſe of ſupporting and keeping 
ſteady the ſcale P; which is kept from ſwing- 

ing by means of 

8 T two ſmall chains, which hang looſely round the 
two pillars. 

W is a weight, for bringing the center of gravity of 

the moveable part of the machine into the cen- 

ter of mation of the axis DE. 

VXis a pendulum, compoſed | of two balls of lead, 
which are moveable upon a wooden rod, and: 
thereby can be ſo adjuſted, as to vibrate in any 
time required. This pendulum. hangs upon a 
cylindrical wire, whereon it vibrates, as on a 
rolling axis. : 

is a perforated table for ſupporting the axis of N 

the pendulum. 


F 2 | Note, 
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Note, Ihe pendulum being ſo adjuſted, as to make 
two vibrations in the time that the arm FG is in- 
tended to make one turn; the pendulum being ſet 
a vibrating, the experimenter pulls by the cord Z, 
with ſufficient force to make each half revolution of 
the arm to correſpond with each vibration, as equal 
as poſſible, during the number of vibrations that 
the experiment is intended to be continued. A 
little practice renders it eaſy to give motion thereto 
with all the regularity that is neceſſary. 


- Specimen of a Sett of Experiments. 
Radius of the fails — — — 21 inches 
Length of ditto in the cloth — — 18 
Breadth of ditto —— —— — 5,6 

Angle at the extremity -— —— 10 degrees 
Ditto at the greateſt inclination — 25 
20 turns of the ſails raiſed the weight 11; 3 inches 
Velocity of the center of the fails, in the 
circumference of the great circle, in a C 6 fi. o in. 
ſecond — — — — | 
Continuance of the experiment —— F ſeconds, 


Noe. Wt. in the ſcale. Turns. Product. 

x — olb— 108 — 0 
2 — 6 — 85 — 510 

3 — 64 — 81 — 5261 
TC — / 272 
„ 7g, — JF Sax 
6 — 8 — 65 — 520 

7 — 9 — 0 O 


* In all the following experiments the angle of the fails is ac- 
counted from the plain of their motion; that is, when they ſtand 
at right angles to the axis, their angle is denoted o, this notation 
being agreeable to the language of practitioners, who call the angle 
ſo denoted, the weather of the ſail; which they denominate greater 
or leſs, according to the quantity of this angle. n NB 
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N. B. The weight of the ſcale and pulley was 3 02.; 
and that 1 oz. ſuſpended upon one of the radii, at 
12 + iches from the center of the axis, juſt over- 
came the friction ſcale and load of 7+ lb.; and 
placed at 14 289 inches, overcame the ſame reſiſt- 
ances with 9 1b. in the ſcale. 1 


Keduction of the preceding Specimen. 

Ne. 5. being taken for the maximum, the weight 
in the ſcale was 7 1b. 8 oz. which, with the weight of 
the ſcale and pulley 3 0z. makes 7 1b. 11 Oz. equal to 
I230z.; this added to the friction of the machinery, 
the ſum is the whole reſiſtance *. The friction of 
the machinery is thus deduced : Since 20 turns of 
the fails raiſed the weight 1 1,3 inches, with a double 
line, the radius of the cylinder will be .18 of an 
inch; but had the weight been raiſed by a ſingle 
line, the radius of the cylinder being half the former, 
VIS. .09, the reſiſtance would have been the ſame: 
we ſhall therefore have this analogy; as half the 
radius of the cylinder, is to the length of the 
arm where the ſmall weight was applied; ſo is the 
weight applied to the arm, to a fourth weight, which 
is equivalent to the ſum of the whole reſiſtance to- 
gether ; that is, 09: 12,5 :: r 02. : 139 02:3 thin 
exceeds 123 Oz. the weight in the ſcale, by 16 0z. or 
1 Ib. which is equivalent to the friction; and which, 
added to the above weight of 7 1b. 11 0z. makes 
8 lb. 11 0z. = 8,69 1b. for the ſum of the whole re- 


* The reſiſtance of the air is not taken into the account of 
reſiſtance, becauſe it is inſeparable from the application of the 
power, 

4 ſiſtance; 


| 
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fiſtance; and this, multiplied by 73 turns, makes s 
product of 6 34, which may be called the repreſenta- 
tive of the ect produced. 

In like manner, if the weight 9 lb. which cauſed 
the ſails to reſt after being in motion, be augmented 
by the weight of the ſcale and its relative friction, it 
will become 10,37 lb. The reſult of this ſpecimen 
is ſet down in No. 12, of Table III. and the reſult 


of every other ſett of experiments therein contained 
were made and reduced in the ſame manner, 


TABLE 


TBT E II. Containing Nineteen Setts 
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of various Structures, Poſitions, 


of Experiments on Windmill-Sails 


and Quantities of Surfaces, 


| | 2 of £ 2308 2 2 y . 25 | &< 
| 2 5 omg — . Ls 8 35 1 
The kind of ſails 3 5 5 83 8 8 2 s | & > 22 5 525 SE 
de e 8% % „„ 
2 SAE 8 AA 
— — ——— . —— — — —ů— — 1 — ——— 
„ „„ 4. [. Sg. In | | 
Plain fails at an £ C:J+ © | F- = 
angle of 959. | 1 | 35 | 35 | 66 42 | 7.96 [12,59 318 1040 :7 * tens 
— — PRY woe ——— . DD hs on — —ę— NY 
Plain ſails weather'd (| 2| 12 12 70 | 6,3 7,56 441 404 10:8, 310: 10,1 
according ro the 3! 15 | I5 | 105] 69 6,72 | 8,12 464 40410: 6,6 10:8, 310: 10, 1 ʒ 
common practice. ( 4] 18 | 18 96 66 | 7,0 9-81 | 462| 404 10:7, j10:7,1110; 10,15 
Weathered accord- 5] 9 | 264 66 | 7,0 462] 404 10: 11,4 
ing to Maclawrin's 4 | 61 12 294 | 702] 7435 518] 404 10: 12,8 
theorem. 7] 15 [321 634 8,3 527 404 10: 13, 
| C18] 0 15 | 120] 93 | 4.75 531 442] 40410: 7,7 10: 8,9 [10 : 11, 
Sails weathered in 9 3] 18 | 120| 79 | 7,0 812553] 404[10: 6, 10: 8,6 013,7 
the Dutch man-] [io & | 20 78 | 745 | 8,12 585| 404 10:9,2[10:14,5 
ner, tried in va- ir 74 224] 113 77 | 8,3 | 9,81 039] 404[10:6,8 10:8, 5 fo: 15, 8 
rious poſitions. T21 10 | 25 | 108] 73 | 8,69 10,37 | 634] 404[10:6,8 10:8, 410: 15, 
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. Obſervations and Deductions from the preceding 
| Experiments. 3 


I. Concerning the beſt Form and Pofition of Wind- 


mill- Sails. 


In Table III. Ne. 1. is contained the reſult of a. 
{ett of experiments upon fails ſet at the angle which 
the celebrated Monſ. Parint, and ſucceeding geome- 
tricians for many years, held to be the beſt ; viz. 
thoſe whoſe planes make an angle 55* nearly with 
the axis; the complement whereof, or angle that the 

lane of the fail makes with the plane of their mo- 
tion, will therefore be 3 5, as ſet down in col. 2. and 
3. Now if we multiply their number of turns by 
the weight they lifted, when working to the greateſt 
advantage, as ſet down in columns 5. and 6. and 
compare this product (col. 8.) with the other pro- 
ducts contained in the ſame column, inſtead of being 
the greateſt, it turns out the leaſt of all the reſt:. 
But if we ſet the angle of the ſame planes at ſome- 
what leſs than half the former, or at any angle from- 
19 to 187 as in Ne. 3. and 4. that is, from 72* to 
75* with the axis, the product will be increaſed in. 
the ratio of 31:45; — this is the angle moſt com- 
monly made uſe of by practitioners; when the ſur- 
faces of the fails are planes. 

If nothing more was intended than to determine the. 
molt efficacious angle to make a mill acquire motion 
from a ſtate of reſt, or to prevent it from paſling into 
reſt from a ſtate of motion, we ſhall find the poſition 
of No. 1. the beſt; for if we conſult col. 7. which 
contains the leaſt weights, that would make the fails 


paſs from motion to reſt, we fhall find that of No. 1. 
(relative 
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| {relative to the quantity of cloth) the greateſt of all. 
But if the fails are intended, with given dimenſions, 
to produce the greateſt effect poſſible in a given time, 
we mult intirely reject thoſe of N®. 1. and, ve 
are confined to the uſe of planes, conform ourſelves to 
fome angle between No. 3. and 4. that is, not teſs than 
729, or greater than 75, with the axis. 5 
The late celebrated Mr. Maclaurin has judiciouſly 
diſtinguiſhed between the aCtion of the wind upon a 
fail at reſt, and a fail in motion; and, in conſequence, 
as the. motion is more rapid near the extremities than 
towards the center, that the angle of the different 
parts of the fail, as they recede from the center, 
thould be varied. For this purpoſe he has furniſhed us 
with the following theorem “ . Suppoſe the velocity 
ce of the wind to be repreſented by a, and the velo- 
city of any given part of the fail to be denoted by 
« c; then the effort of the wind upon that part of 
e the ſail will be greateſt when the tangent of the 
cc angle, in which the wind ſtrikes it, is to radius as 
ce x 2 + 727 + EN to 1.” This theorem then aſ- 
ſigns the law, by which the angle is to be varied ac- 
cording to the velocity of each part of the fail to the 
wind: but as it is left undetermined what velocity 
any one given part of the ſail ought to have in reſpect 
to the wind, the angle that any one part of the fail 
ought to have, is left undetermined alſo ; ſo that we 
are {till at a loſs for the proper data to apply the theo- 
rem. However, being willing to avail myſelf thereof, 
and conſidering that any angle from 15 to 18 was 
beſt ſuited to a plane, and of conſequence the beſt 


A 
or 


* Maclaurin's account of Sir Iſaac Newton's philoſophical diſ- 
coveries, p. 176, art. 29. 
G mean 


[9] 

mean angle, I made the fail, at the middle diſtance 
between the center and the extremity, to ſtand at an 
angle of 15 41' with the plane of the motion; in 
which caſe the velocity of that part of the fail, when 
loaded to a maximum, would be equal to that of 
the wind, or c = a, This being determined, the reſt 
were inclined according to the theorem, as follows : 

Angle with Angle of 

the axis, weather. 

- Ja- 63* 20'-- 26* 34 
- =, =38&-=- 69 54 - 20 6 | 
-=-=£=8 - - 74 19-- 15 41 middle 
-- (=15@- 77 20-- 12, 40 
- = = C=1384 = 79. 27 - - 10 33 
I--c=284--81 Oo 9 o extremity. 


The reſult hereof was according to N“. 5. being 
nearly the ſame as the plane fails, in their beſt poſi- _ 
tion : but being turned round in their ſockets, ſo that 
every part of each fail ſtood at an angle of 3®, and 
afterwards of 6%, greater than before, that is, their 
extremities being moved from 9 to 125 and 15?, the 
. were advanced to 518 and 527 reſpectively. 
ow from the ſmall difference between thoſe two 
products, we may conclude, - that they were nearly in 
their beſt poſition, according to N“. 7. or ſome angle 
between that and N. 6: but from theſe, as well as 
the plane ſails and others, we may alſo conclude, 
that a variation in the angle of a degree or two 
makes very little difference in the effect, when the 
angle is near upon the beſt, 
It is to be obſerved, that a fail inclined by the 
preceding rule will expoſe a convex ſurface to the 
wind : whereas the Dutch, and all our * 
mill- 


Parts of the 
radius from 
the center. 


— —ü—— 
on 0d 8 sol- 
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mill-builders, tho' they make the angle to diminiſh, 
in receding from the center towards the extremity, 
yet conſtantly do it in ſuch manner, as that the ſur- 
face of the ſail may be concave towards the wind. 
In this manner the fails made uſe of in N*®.8, , 10, 
II, 12, and 13. were conſtructed ; the middle of the 
ſail making an angle with the extreme bar of 129; 
and the greateſt angle (which was about 5 of the ra- 
dius from the centre) of 1 5 therewith. Thoſe fails 
being tried in various poſitions, the beſt appears to 


be that of N. 11. where the extremities ſtood at an 


angle of 7 with the plane of motion, the product 
being 639: greater than that of thoſe made by the 
theorem in the ratio of 9: 11, and double to that of 
N. 1.; and this was the greateſt product that could 
be procured without an augmentation of ſurface. 
Hence it appears, that when the wind falls upon a 
concave ſurface, it is an advantage to the power 0 
the whole, tho every part, taken ſeparately, ſhould not 
be diſpoſed to the beſt advantage *, 

Having thus obtained the beſt poſition of the fails, 
or manner of weathering, as it is called by workmen, 
the next point was to try what advantage could be 


tt. —— 


* By ſeveral trials in large I have found the following angles to 
anſwer as well as any. The radius is ſuppoſed to be divided into 
b parts and 1- th, reckoning from the center, is called 1, the ex- 
tremity being denoted 6. | 


Angle with Angle with the plane 
N?, the axis. of motion. 
I 720 U U—nnç2é — 18 
3 = 72 — — 18 middle. 
4 a = - 16 
5 — ! 
G6 — — 83 — 7 extremity. 


G 2 made 


: 
# 
* 
* 
{ 
9 


5 
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made by an addition of ſurface upon the ſame ra- 
dius. For this purpoſe, the ſails made uſe of had 
the ſame weather as thoſe N“. 8. to 13, with an 
addition to the leading ſide of each of a triangular 
cloth, whoſe height was equal to the height of the 
ſail, and whoſe baſe was equal to half the breadth: 

of conſequence the increaſe of ſurface upon the 
whole was one fourth part, or as 4: 5. Thoſe fails, 
by being turned round in their ſockets, were tried in 
four different poſitions, ſpecified in No, 14, 15, 16, 
and 17; from whence it appears, that the beſt was 
when every part of the ſail made a greater angle by 
20 4, with the plane of the motion, than thoſe with- 
out the addition, as appears by N®. 15. the product 
being 820: this exceeds 639 more than in the ratio 
of 4.: 5, or that of the increaſe of cloth. Hence 
it appears, that @ broader ſail requires a greater 
angle; and that when the ſail is broader at the ex- 
tremity, than near the center, this ſhape is more ad- 
wantageous than that of a parallelogram &. | 
Many have imagined, that the more fail, the 
greater the advantage, and have therefore propoſed' 
to fill up the whole area: and by making each fail: 
a ſector of an ellipſis, according to Monſieur Parint, 
to intercept the whole cylinder of wind, and thereby 
to produce the greateſt effect poſſible. 7 


2» — 


* The figure and proportion of the enlarged fails, which I have 
found beſt to anſwer in large, are repreſented in the figure, Plate VT.. 
where the extreme bar is 1-3d of the radius — whip, as it is called 
by the workmen), and is divided by the whip in the proportion 
of 3 to 5. The triangular or leading ſail is covered with board 
from the point downwards 1-3d of its height, the reſt with cloth 
as uſual. The angles of weather in the preceding note are beſt 
for the enlarged ſails alſo; for in practice it is found, that the ſails 
had better have too little than too much weather. v 

| | We 
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We have therefore proceeded to inquire, how far 
the effect could be increaſed by a further enlargement 
of the ſurface, upon the fame radius of which No. 
18 and 19 are ſpecimens. The ſurfaces indeed were 
not made planes, and ſet at an angle of 35, as Parint 
propoſed ; becauſe, from N“. 1. we learn, that this 
poſition has nothing to do, when we intend them to 
work to the greateſt advantage. We therefore gave 
them ſuch an angle as the preceding experiments in- 
dicated for ſuch ſort of ſails, vis. 129 at the ex- 
tremity, and 22 for the greateſt weather. By Ns. 
18 we have the product 1059, greater than N“. 15. 
In the ratio of 7:9; but then the augmentation of 
cloth is almoſt 7: 12. By N. 19. we have the pro- 
duct 1165, that is greater than N'. 15. as 7: 10; 
but the augmentation of cloth is nearly as 7: 16; 
conſequently had the ſame quantity of cloth as in 
No. 18. been diſpoſed in a figure ſimilar to that of 
No. 15, inſtead of the product 1059, we ſhould 
have had the product 1386; and in N. 19, inſtead 
of the product 1165, we ſhould have had a product 
of 1860; as will be further made appear in the 
courſe of the following deductions. Hence it ap- 
pears, that beyond a certain degree, the more the 


area is crowded with fail, the leſs effect is produced 


in proportion to the ſurface : and by purſuing the 
experiments ſtill further, I found, that tho' in N. 
19. the ſurface of all the ſails together were not 
more than 7-Sths of the circular area containing 
them, yet a further addition rather diminiſhed than 
increaſed the effect. So that when the whole cylinder 
of wind is intercepted, it does not then produce the 
greateſt effect for want of proper interſtices to eſcape. 
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It is certainly deſirable, that the fails of windmills 
ſhould be as ſhort as poſſible ; but at the ſame time 
it is equally deſirable, that the quantity of cloth 
ſhould be the leaſt that may be, to avoid damage by 
ſudden ſqualls of wind. The beſt ſtructure, there- 
fore, for large mills, is that where the quantity of 
cloth is the greateſt, in a given circle, that can be: 
on this condition, that the effect holds out in pro- 
portion to the quantity of cloth; for otherwiſe the 


effect can be augmented in a given degree by a leſſer 


increaſe of cloth upon a larger radius, than would 
be required, if the cloth was increaſed upon the ſame 
radius. The moſt uſeful figure therefore for practice, 
is that of N“. 9. or 10. as has been experienced upon 
ſeveral mills in large. | 
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II. Concerning the ratio between the velotity of 
windmill fails unloaded, and their velocity when 
loaded lo a maximum. 5 


Thoſe ratio's, as they turned out in experiments 
upon different kinds of ſails, and with different in- 
clinations (the velocity of the wind being the ſame) 
are contained in column 10 of tab. III. where the 
extremes differ from the ratio of 10: 7, 7 to that of 
10: 5,8; but the moſt general ratio of the whole will 
be nearly as 3: 2. This ratio alſo agrees ſufficiently 
near with experiments where the velocity of the wind 
was different, as in thoſe contained in tab. IV. col. 13. 
in which the ratio's differ from 10: 6,9 to that of 
10: 5,9. However, it appears in general, that where 
the power is greater, whether by an enlargement of 
ſurface, or a greater velocity of the wind, that the 


ſecond term of the ratio is leſs. 


III. Concerning the ratio between the greateſt bad 
that the ſails will bear without ſtopping, or what 
is nearly the ſame thing, between the leaſt load 
that will flop the ſails, and the load at the maxi- 


mum. 


Thoſe ratio's for different kinds of ſails and in- 
clinations, are collected in col. 1 1. tab. III. where the 
extremes differ from the ratio of 10: 6 to that of 
10: 9, 2; but taking in thoſe ſetts of experiments 
only, where the ſails reſpectively anſwered beſt, the 
ratio's will be confined between that of 10:8 and of 
10: 9; and at a medium about 10: 8, 3 or of 6: 5. 
This ratio alſo agrees nearly with thoſe in col. 14 of 
tab. IV. However it appears, upon the whole, that 


in thoſe inſtances, where the angle of the fails or 
3 
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quantity of cloth were greateſt, that the ſecond term 
of the ratio was leſs. 


IV. Concerning the effects of ſails, according to 
the different velocity of the wind, 


Maxim 1. The velocity of windmill ſails, whe 
ther unloaded, or leaded ſo as to produce a maximum, 
is nearly as the velocity of the wind, their a 
and poſition being the ſame. 


This appears by comparing together the roſpettive 
numbers of columns 4. and 5, tab. IV. wherein thoſe 
of numbers 2, 4, and 6, ought to be double of num- 

bers 1, 3, and 5: but as the deviation is no-where 
greater than what may be imputed to the inaccuracy 
of the experiments themſelves, and hold good exact- 
ly in numbers 3 and 4; which ſetts were deduced 
from the medium of a number of experiments, care- 
fully repeated the ſame day, and on that account are 
moſt to be depended upon ; we may therefore con- 
clude the maxim true. | 


Maxim 2. The load at the maximum is nearly, 
but ſomewhat le 1 than, as the ſquare of the velocity 
of the wind, the ſhape and poſition of the ſails be- 
ing the ſame. 


This appears by comparing together the numbers 

in col. 6. tab. IV. wherein thoſe of numbers 2, 4, 
and 6 (as the velocity is double), ought to be qua- 
druple of thoſe of numbers 1, 3, and $3 inſtead of 
which they fall ſhort, number 2 by 12, number 4 
by 75, and number 6 by 77 part of the whole. 
"The greateſt of thoſe deviations is not more conſi- 
derable than might be imputed to the unavoidable 
H errors 
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errors in making the experiments: but as thoſe. 
experiments, as well as thoſe of the greateſt load, all. 
deviate the ſame way; and alſo coincide with ſome 
experiments communicated to me by Mr, Rouſe 
upon the reſiſtance of planes; I am led to ſuppoſe a 
ſmall deviation, whereby the load falls ſhort of the 
ſquares of the velocity ; and ſince the experiments 
No 3 and 4. are moſt to be depended upon, we 
muſt conclude, that when the velocity is double, the 
load falls ſhort of its due proportion by 7 2. ar; for 
wh ſake of a round e by about 28 n of the 
whole. | 


Maxim 3d. *. fects of the FE af ans 
mum are nearly, but ſomewhat leſs #2an, as the 
cubes of the velocity of the wind.. 


It has already been roved, Maxim iſt, that the 
velocity of ſails at the maximum, is nearl. a8 the ve- 
locity of the wind; and by Maxim 2d, that the load 
at the maximum is nearly as the ſquare of the ſame 
velocity : if thoſe two maximums would hold pre- 
ciſely, it would be a conſequence that the effect 
would be in a triplicate ratio thereof: how this 
agrees with experiment will appear by comparing 
together the products in col. 8. of tab. 4. wherein 
thoſe of No 2. 4. and 6. (the velocity of the wind 
being double) ought to be a of thoſe of No 1. 
5 and 5. inſtead of which they fall ſhort, No 2. by 4. 

4. by 2, and No 6, ag = part of the whole. 
Now, if we rely on No 3. and 4. as the turns of the 
ſails are as the velocity of the wind; and fince the 
load of the maximum falls ſhort of the ſquare of the: 


velocity by about as part of the whole; the product 
made 
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made by the multiplication of the turns into the load, 
muſt alſo fall ſhort of the triplicate ratio by about 25 
part of the whole product. 


Maxim 4th. The had of the fame ſails at the maxi- 
mum is nearly as the ſquares, and their effect as the 
cubes, of their number of turns in a given time. 


This maxim may be eſteemed a conſequence of 
the three preceding ; for if the turns of the fails are 
as the velocity of the wind, whatever quantities are 
in any given ratio of the velocity of the wind, will 
be in the ſame given ratio of the turns of the fails : 
and therefore, if the load at the maximum is as the 
ſquare, or the effect as the cube, of the velocity of 
the wind, wanting ;5 part when the velocity is 
double ; the load at the maximum will alſo be as the 
ſquare, and the effect as the cube, of the number of 
turns of the ſails in a given time, wanting in like 
manner ꝗ part when the number of turns are double 
in the ſame time. In the preſent caſe, if we com- 
pare the loads at the maximum col. 6. with the 
{quares of the number of turns col. 5. of No 1 and 2. 
5 and 6. or the products of the ſame numbers col. 8. 
with the cubes of the number of turns col. 5. inſtead 
of falling ſhort, as Ne 3 and 4. they exceed thoſe 
ratios : but as the ſetts of experiments No 1 and 2. 
5 and 6. are not to be eſteemed of equal authority 
with thoſe of No 3 and 4. we muſt not rely upon 
them further than to obſerve, that in comparing the 
groſs effetts of large machines, the direct proportion 
of the ſquares and cubes reſpectiwely, will hold as near 
as the effetts themſelves can be obſerved; and there- 

| W-2 | fore 


[ 6% 
fore be ſufficient for practical eſtimation, without an 
allowance. 


Maxim 5th. M ben ſails are loaded ſo as to produce 
a maximum at a given velocity, and the velocity of 
the wind increaſes, the load continuing the ſame ; 
1/tly, The increaſe of effect, when the _— of the 
 welocity of the wind is ſmall, will be nearly as the 
ſquares of thoſe velocities: 2dly, When the velocity of 
the wind is double, the ects will be nearly as 10: 272. 
But, 3dly, When the velocities compared, are more 
than double of that where the given load produces a 
maximum, the effects increaſe nearly in a ſimple ratio 
of the velocity of the wind. | 


It has already been proved, maxim 1ſt and 2d, 
that when the velocity of the wind is increaſed, the 
turns of the ſails will increaſe in the ſame proportion, 
even when oppoſed by a load as the ſquare of the ve- 
locity ; and therefore if wanting the oppoſition of an 
increaſe of load, as the ſquare of the velocity, the 
turns of the fails will again be increaſed in a ſimple 
ratio of the velocity of the wind on that account allo ; 
that is, the load continuing the ſame, the turns of the 
fails in a given time will be as the ſquare of the ve- 
locity of the wind; and the effect, being in this caſe 
as the turns of the fails, will be as the ſquare of the 
velocity. of the wind alſo; but this muſt be under- 
ſtood only of the firſt increments of the velocity of 
the wind: for, | | 

2dly, As the fails will never acquire above a given 
velocity in relation to the wind, tho' the load was 


diminiſhed to nothing ;- when the load continues the 
ſame, 
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fame, the more the velocity of the wind increaſes 
(tho the effect will continue to increaſe) yet the 
more it will fall ſhort of the ſquare of the velocity of 
the wind; ſo that when the velocity of the wind is 
double, the increaſe of effect, inſtead of being as 
1: 4, according to the ſquares, it turns out as 10: 275, 
as thus appears. In tab. 4. col. 9. the loads of No 2, 
4, and 6. are the ſame as the maximum loads in 
col. 6. of No 1, 3, and 5. The number of turns of 
the ſails with thoſe loads, when the velocity of the 
wind is double, are ſet down in col. 10. and the pro- 
ducts of their multiplification in col. 11: thoſe being 
compared with the products of No 1, 3, and 5g. col. 
8. furniſh the ratios ſet down in col. 12. which at a 
medium (due regard being had to No 3 and 4.) will 


be nearly as 10: 274. 3dly. The load continuing the 


ſame, grows more and more inconſiderable, reſpect- 
ing the power of the wind as it increaſes in velocity; 

ſo that the turns of the ſails grow nearer and nearer a 
coincidence with their turns unloaded ; that is, nearer 
and nearer to the ſimple ratio of the velocity of the 
wind. When the velocity of the wind is double, 
the turns of the ſails, when loaded to a maximum, 
will be double alſo; but, unloaded, will be no more 
than triple, by deduCtion 2d: and therefore the pro- 
duct could not have increaſed beyond the ratio of 
10:30 (inſtead of 10: 275) even ſuppoſing the fails 
not to have been retarded at all by carrying the maxi- 
mum load for the half velocity. Hence we ſee, that 
when the velocity of the wind exceeds the double of 
that, where a conſtant load produces a maximum, 
that the increaſe of effect, which follows the increaſe 


of the velocity of the fails, will be nearly as the velo- 
£ city 
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ity of the wind, and ultimately in that ratio pre- 
«cifely. Hence alſo ve ſee that windmills, fuch as 
the different ſpecies for raiſing water for drainage, 
&. loſe much of their fall effect, when ny _ 
one invariable oppoſition. | 


V. Concerning the effets of ſai ls of Apen magni- 5 
| Fudes, the ſtructure and poſition being pw and J 
the velocity of the wind the fame: : 


IRR 6. In fails 5 4 fimilar figure and poſition 


the number of turns in a given. time will be recipro- 
cally as the radius or length of the fail. 


The extreme bar having the ſame inclination to 
the plain of its motion, and to the wind; its velocity 
at a maximum will always be in a given ratio to the 
velocity of the wind; and therefore, whatever be the 
radius, the abſolute velocit iy of the extremity of the 
fail will be the fame: and this will hold good re- 
ſpecting any other bar, whoſe inclination is the fame, 
at a pro Hicnable diſtance from the center; it there- 
fore follows, that the extremity of all ſimilar fails, 
with the ſame wind, will have the ſame abſolute 
velocity ; and thereſore take a ſpace of time to per- 
form one revolution in prope rtion to the radius; or, 
which is the ſame thing, the number of revolutions 
in the ſame given time, will be e as the 
length of the fail. i 


Maxim 7. The had ac 4 narinum that Sf ails of 
a fimilar fiewrs and poſition will overcome, at a given 
Aiſtance from the center of motion, will be as the cube 
of the radius. 
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Geometry informs us, that in ſimilar figures the 
furfaces are as the ſquares of their fimilar ſides; of 
conſequence the quantity of cloth will be as the 
ſquare of the radius: alſo in ſimilar figures and poſi- 
tions, the impulſe of the wind, upon every ſimilar 
ſection of the cloth, will be in proportion to the ſur- 
face of that ſection; and conſequently, the impulſe 
of the wind upon the whole, will be as the ſurface of 
the whole: but as the diſtance of every ſimilar ſec- 


tion, from the center of motion, will be as the ra- 


dius; the diſtance of the center of power of the 
whole, from the center of motion, will be as the ra- 


dius alſo; that is, the lever by which the power acts, 
will be as the radius: as therefore the impulſe of the 
wind, reſpecting the quantity of cloth, is. as. the 
{quare-of the radius, and the lever, by which it acts, 
as the radius ſimply ; it follows, that the load which 


the ſails will overcome, at a given diſtance from the 
center,. will be as the cube of the radius. 


Maxim 8. The effect of ſails of | fimilar figure and 
Fofition, are as the ſquare-of the radius. | 


By maxim 6: it is proved, that the number of re- 
volutions made in a given time, are as the radius in- 


verſely. Under maxim 7..it appears, that the length 


of the lever, by which the power acts, is as the radius 
directly; therefore theſe equal and oppoſite ratios de- 


one another: but as in ſimilar figures the quan- 
tity of cloth is as the ſquare of the radius, and the 
action of the wind is in proportion to the quantity of 


cloth, as alſo. appears under maxim 7; it follows that 
the effect is as the ſquare of the radius. : 


* - 


COR OIL. 
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-Gonoz.. I. Hens it allows, that augmenting the 
length of the ſail, without augmenting the quantity 
of cloth, does is not increaſe the power; becauſe 
what is gained by the length of the lever, is loſt by 


the ſlowneſs of the rotation. 


Conor. 2. If fails are increaſed in length, the 
breadth remaining the Game, the effe& will be as the 
radius. 
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VI. Concerning the velocity of the extremities of 
windmill ſai 4. in e 70 Sandia veloct of of the 


wind. 


Maxim 9. The velecity of the extremities of Dutch 
ſails, as well as of the enlarged ſails, in all their uſual 
poſitions when unloaded, or even loaded to a maximum, 
are confiderably quicker than the W A of the 
wind, 


The Dutch fails unloaded, as in Tab. 3. No 8. 
made 120 revolutions in 52“: the diameter of the 
ſails being 3 feet 6 inches, the velocity of their ex- 
tremities will be 25, 4 feet in a ſecond; but the velo- 
city of the wind producing it, being 6 one in the 
fame time, we fhall have 6: 25,4::1: 4,2 ; in this 
caſe therefore, the velocity of their extremities was 
4,2 times greater than that of the wind. In like 
manner, the relative velocity of the wind, to the ex- 
tremities of the ſame ſails, when loaded to a maxi- 
mum, making then 93 turns in 52”, will be found to 
be as 1: 3·33 or 3,3 times TEN than that of the 


wind, 
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The following table contains 6 examples of Dutch 
fails, and 4 examples of the enlarged ſails, in differ- 
ent poſitions, but with the conſtant velocity of the 
wind of 6 feet in a ſecond, from table 3: and alſo 
6 examples of Dutch fails in different poſitions, with 
different velocities of the wind, from table 4. 


TABLE V. containing the ratio of the velocity of the 
extremities of windmill ſails to the velocity of the 
wind, 


No 


* a 3 


— 


the wind in a 
ſecond. 


LY 


Velocity of 


tremities of the fails, 


| unloaded. loaded, 


gle at the 
mity. 
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It appears from the preceding collection of ex- 
amples, that when the extremities of the Dutch ſails 
are parallel to the plane of motion, or at right angles 


to the wind, and to the axis, as they are made accord- 


ing to the common practice in England, that their 
velocity, unloaded, is above 4 times, and loaded to 
a maximum, above 3 times greater than that of the 
wind: but that when the Dutch ſails, or enlarged 
ſails, are in their beſt poſitions, their velocity un- 
loaded is 4 times, and loaded to a maximum, at a 
medium the Dutch ſails are 2,7, and the enlarged 
ſails 2,6 times greater than the velocity of the wind. 
Hence we are furniſhed with a method of knowing 
the velocity of the wind, from obſerving the velocity 
of the windmill fails; for knowing the radius, and 
the number of turns in a minute, we ſhall have the 
velocity of- the extremities ; which, divided by the 
following diviſors, will give the velocity of the 


wy. . 

Dutch fails in their common poſition —_ 10 

Dutch fails in their beſt poſition — Hleadad 4-0 

Enlarged fails: in their beſt poſition 3 2 
From the above diviſors there ariſes the following 


compendiums ; ſuppoſing the radius to be 30 feet, 


which is the moſt ufual length in this country, and 
the mill to be loaded to a maximum, as is uſually the 
caſe with corn mills ; for every 3 turns in à minute, 
of the Dutch. jails in their common poſition, the wind 
will move at the rate of 2 miles an hour ; for every. 
5 turns in a minute, of the Dutch ſails in their beſt 

| poſition, 


671 
poſition, the wind moves 4. miles an hour ; and for 
every 6 turns in a minute, of the enlarged ſails in 
their beſt poſition, the wind will move 5 miles an 
our, | 

The following table, which was communicated 
to me by my friend Mr. Rouſe, and which appears to 
have been conſtructed with great care, from a con- 
ſiderable number of facts and experiments, and which 
having relation to the ſubject of this article; I here 
inſert it as he ſent it to me: but at the ſame time muſt 
obſerve, - that the evidence for thoſe numbers where 
the velocity of the wind exceeds 50 miles an hour, 
do not ſeem of equal authority with thoſe of 50 miles 
an hour and under, It is alſo to be obſerved, that 
the numbers in col. 3. are calculated according to the 
ſquare of the velocity of the wind, which, in mode- 
rate velocities, from what has been before obſerved, 
will hold very nearly. 8 


1 2 | | TABLE 
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Tart VI. containing the velocity and force of 
| aornd, according to their common appellations. 
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8 — 17,715 A great ſtorm. | 
117,36 131,490] An hurricane. | 
146,70 [49,200 An hurircane that tears up trees, carri 

buildings before it, &c, | | 
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VII. concerning the abſolute effect, produced by a 
given velocity of the wind, upon ſails of a given 
magnitude and conſtruction. 


It has been obſerved by practitioners, that in mills. 
with Dutch fails in the common poſition, that when 
they make about 13 turns in a minute, they then 

| work 


[ 69 ] 


work at a mean rate: that is, by the compendiums 
in the laſt article, when the velocity of the wind is 
83 miles an hour, or 125 feet in a ſecond ; which, 
in common phraſe, would be called a freſh gale. 
The experiments ſet down in Tab. IV, No 4, were 
tried with a wind, whoſe velocity was 84 feet in a 
ſecond ; conſequently had thoſe experiments been 
tried with a wind, whoſe velocity was 124 feet in a 
ſecond, the effect, by maxim 3d, would have been 
3 times greater; becauſe the cube of 124 is 3 times 
greater than that of 84. 

From Tab. IV. No 4. we find, that the ſails, when 
the velocity of the wind was 84 feet in a ſecond, 
made 130 revolutions in a minute, with a load of 
17,25 b. From the meaſures of the machine, pre- 

. ceding the ſpecimen of a ſett of experiments, we 
find, that 20 revolutions of the fails raiſed the ſcale 
and weight 11,3 inches: 130 revolutions will there- 
fore raife the ſcale 73,45 inches, which, multiplied 
by 17,52 lb, makes a product of 1287, for the effect 
of the Dutch ſails in their beſt poſition; that is, when 
the velocity of the wind is 84 feet in a ſecond: this 

product therefore multiplied by three, will give 3861 
for the effect of the ſame ſails, when the velocity of 

the wind is 125 feet in a ſecond. | | 

Deſaguliers makes the utmoſt power of a man, 

2 when working ſo as to be able to hold it for ſome 

A hours, to be equal to that of raiſing an hogſhead of 

5 water 10 feet high in a minute. Now, an hogſhead 

conſiſting of 63 ale gallons, being reduced into 
pounds averdupois, and the height into inches ; the 
product made by multiplying thoſe two numbers 
will be 76800; which is 19 times greater than the 

pro- 
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product of the fails laſt- mentioned, at 124 feet in a 
lecond: therefore, by maxim Sth, if we multiply 
the ſquare root of 19, that is 4, 46, by 21 inches, 
the length of the ſail producing the effect 3861, we 
:ſhall have 93, 66 inches, or 7 feet 93 inches for the 
radius of a Dutch fail in its beſt poſition, whoſe mean 
"$i power :ſhall be equal to that of a man: but if they are 
in their. common poſition, their length muſt be in- 
creaſed in the ratio of the ſquare root of 442 to that 
of 639, as thus appears; e | 
The ratio of the maximum products of No 8 and 
41. Tab. III. are as 44.2: 639; but by maxim 8, 
the effects of ſails of different radii are as the ſquare 
of the radii; conſequently the the ſquare roots of the 
products or effects, are as the radii ſimply; and 
therefore as the ſquare root of 442 is to that of 
639; ſo is 93,66 to 112,66; or 9 feet 44 inches. 
If the ſails are of the enlarged kind, then from 
Tab. III. Ne 11 and 15. we ſhall have the ſquare 
root of 820 to that of 639; :93,66 : $2,8 inches, or 
6 feet 104 inches: ſo that in round numbers we ſhall 
have the radius of a ſail, of a ſimilar figure to their 
reſpective models, whoſe mean power ſhall be equal 
to that of a man; - : 1s 


The Dutch fails in their common poſition 9+ feet. 

The Dutch fails in their beſt poſition —— 8 
The enlarged fails in their beſt poſition — 7 
Suppoſe now the radius of a fail to be 30 feet, and 
to be conſtructed upon the model of the enlarged 
fails, Ne 14. or 15. Tab. HI. dividing 30 by 7 we, 
{hall have 4,28, the ſquare of which is 18,3; and 
this, according to maxim 7, will be the relative 


power 


power of a fail of 30 feet, to one of. 7 feet; that is, 
when working at a mean rate, the 30 feet ſail will be 
equal to the power of 18,3 men, or of 3+ horſes; 


reckoning 5 men to a horſe: whereas the effect of 


the common Dutch ſails, of the ſame length, being 
leſs in the proportion of 820: 442, will be ſcarce 
equal to the power of 10 men, or of 2 horſes. 

That theſe computations are not merely ſpecula- 
tive, but will nearly hold good when applied to 
works in large, I have had an opportunity of verify- 
ing: for in a mill with the enlarged. fails of 30 feet, 
applied to the cruſhing of. rape ſeed, by. means of 


two runners upon the edge, for making. oil; I ob- 


ſerved,. that when the fails made 11 turns in a mi-- 
nute, in which caſe the velocity of the wind was 


about 13 feet in a ſecond, according to article 6th, 
that the runners then made 7 turns in a minute: 
whereas 2 horſes, applied to the ſame 2 runners, 


ſcarcely worked them at the rate of 34 turns in the 
ſame time. Laſtly, with regard to the real ſuperio- 
rity of the enlarged fails, above the Dutch fails as 


commonly made, it has ſufficiently appeared, not: 
only in thoſe caſes where they have been applied to 
new mills, but where they have been ſubſtituted in 
the place of the others. 1 | 


VIII. Concerning horizontal windmills and. water- 
 evheels, with oblique vanes. 


Obſervations upon the effects of common wind- 
mills with oblique vanes, have led many to imagine, 
that could the vanes be brought to receive the direct 
impulſe, like a ſhip ſailing before the wind, it would 
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be a very great improvement in point of power : 
while others attending to the extraordinary and even 
unexpected effects of oblique vanes, have been led to 
imagine, that oblique vanes applied to water-mills, 
would as much exceed the common water wheels, 
as the vertical windmills are found to have exceeded 
all attempts towards an horizontal one. Both theſe 
notions, but eſpecially the firſt, have ſo plauſible an 
appearance, that of late years there has ſeldom been 
wanting thoſe, who have aſſiduouſſy employed them- 
ſelves to bring to bear defigns of this kind : it may 
not therefore be unacceptable to endeavour to ſet this 
matter in a clear light. ; | 

PLATE VI. fig 2d. Let AB be the ſection of a 
plain, upon which let the wind blow in the direction 
OP, with ſuch a velocity as to deſcribe a given ſpace 
BE, in a given time (ſuppoſe 1 ſecond) ; and let 
A B be moved parallel to itſelf, in the direc- 
tion C D. Now, if the plane AB moves with the 
ſame velocity as the wind ; that 1s, if the point B 


moves thro' the fpace BE in the ſame time that a 


particle of air would move thro the ſame ſpace ; it 
18 plain that, in this cafe, there can be no preffare or 


impulſe of the wind upon the plane: but if the plane 


moves ſlower than the wind, in the ſame direction, 
ſo that the point B may move to F, while a particle 


of air, ſetting out from B at the fame inſtant, would 


move to E, then B F will expreſs the velocity of the 
plane; and the relative velocity of the wind and plane 


will be expreſſed by the line FE. Let the ratio of 


F E to BE be viel { (ſuppoſe 2: 3.); let the line 
AB repreſent the impulſe of the wind upon the plane 


A B, when acting with its whole velocity BE; but, 
when 


ST 


when acting with its relative velocity F E, let its im- 
pulſe be denoted by ſome aliquot part of A B, as for 
- inſtance 4 A B: then will 4 of the parallelogram A F 
repreſent the mechanical power of the plane ; that is, 
+ ABx4BE. 
2dly, Let IN be the ſection of a plane, inclined 
in ſuch a manner, that the baſe I K of the rectangle 
triangle I KN may be equal to AB; and the per- 
pendicular N K=BE ; let the plane IN be ſtruck 
by the wind, in the direction LM, perpendicular to 
IK: then, according to the known rules of oblique 
forces, the impulſe of the wind upon the plain I N, 
tending to move it according to the direction L M, or 
NK, will be denoted by the baſe IK; and that 
part of the impulſe, tending to move it according to 
the direction I K, will be expreſſed by the perpendi- 
cular N K. Let the plane I N be moveable in the 
direction of I K only; that is, the point I in the di- 
rection of I K, and the point N in the direction N 
parallel thereto. Now it is evident, that if the point 
I moves thro' the line I K, while a particle of air, 
ſetting forwards at the ſame time from the point N, 
moves thro” the line N K, they will both arrive at the 
point K at the ſame time; and conſequently, in this 
caſe alſo, there can be no preſſure or impulſe of the 
particle of the air upon the plane IN. Now let 10 
be to I K as B F to BE; and let the plane IN move 
at ſuch a rate, that the point I may arrive at O, and 
acquire the poſition I Q in the ſame time that a par- 
ticle of wind would move thro' the ſpace NK: as 
OQ is parallel to IN; (by the properties of fimilar 
triangles) it will cut NK in the point P, in ſuch a 
manner, that N P=BF, and PK F E: hence it 
ES K appears, 
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appears, that the plane IN, by acquiring the poſi- 
tion O. Q withdraws itſelf from the action of the 
wind, by the ſame ſpace N P, that the plane AB 
does by acquiring the poſition FG ; and conſequently, 
from the equality of PK to FE, the relative im- 
pulſe of the wind P K, upon the plane O Q. will be 
equal to the relative impulſe of the wind F E, upon 
the plane F G: and ſince the impulſe of the wind 
upon AB, with the relative velocity FE, in the di- 
rection B E, is. repreſented by 4A B; the relative 
impulſe of the wind upon the plane IN, in the: di- 
rection N K, will in like manner be repreſented by 
I and the impulſe of the wind upon the plane 
IN, with the relative velocity. P K, in the direction 
IK, will be repreſented by 4 N K: and conſequently 
the mechanical power of the plane IN, in the direc- 
tion IK, will be 3 the parallellogram I Q: that is 
LIKx4N K: that is, from the equality of 1 K=A B; 
and N K=BE, we ſhall have 1 Q ABx4BE 
AF. Hence we deduce this 


GENERAL PROPOSITION, 

That all planes, however ſituated, that intercept 
the ſame ſection of the wind, and having the ſame re 
lative velocity, in regard to the wind, when reduced 
into the ſame direction, have equal pewers i» produce 
mechanical effefts. | 

For what is loſt by the obliquity of the impulle, . 
is gained by the velocity of the motion, 

Hence it appears, that an oblique fail is under no 
diſadvantage in reſpect of power, compared with a 
direct one; except what ariſes from a diminution of 
| 108. 
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its breadth, in feſpect to the ſection of the wind: 
the breadth I N being by obliquity reduced to I K. 
The diſadvantage of horizontal windmills there- 
fore does not conſiſt in this; that each fail, when 
directly expoſed to the wind, is capable of a leſs 
power, than an oblique one of the ſame dimenſions ; 
but that in an horizontal windmill, little more than 
one fail can be acting at once: whereas in the com- 
mon windmill, all the four act together: and there- 
fore, ſuppoſing each vane of an horizontal windmill, 
of the ſame dimenſions as each vane of the vertical, 
it is manifeſt the power of a vertical mill with four 
ſails, will be four times greater than the power of 
the horizontal one, let its number of vanes be what it 
will: this diſadvantage ariſes from the nature of the 
thing; but if we conſider the further diſadvantage, 
that ariſes from the difficulty of getting the ſails back 
again againſt the wind, &c. we need not wonder if 
this kind of mill is in reality found to have not above 
+ or +5 of the power of the common ſort; as hab ap- 
peared in ſome attempts of this kinc 

In like manner, as little improvement 1s to be ex- 
ed from water-mills with oblique vanes : for the 
power of the ſame ſection of a ſtream of water, is 
not greater when acting upon an oblique vane, than 
when acting upon a direct one: and any advantage 
that can be made by intercepting a greater ſection, 
which ſometimes may be done in the caſe of an open 
river, will be counterballanced by the ſuperior reſiſt- 
ance, that ſuch vanes would meet with by moving at 
right angles: to the current: whereas the common 
floats always move with the water nearly in the ſame 
15 K 2 | Here 
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Here it may reaſonably: be aſked, that ſince our 
geometrical demonſtration is general, and proves, that 
one angle of obliquity is as good as another; why in 
our experiments it appears, that there is a certain 
angle which is to be preferred to all the reſt? It is to 
be obſerved, that if the breadth of the fail I N is 
given, the greater the angle K IN, and the leſs will 
be the baſe I K: that is, the ſection of wind inter- 
ſeted, will be leſs: on the other hand, the more 
acute the angle K I N, the leſs will be the perpendi- 
cular K N: that is, the impulſe of the wind, in the 
direction I K being leſs, and the velocity of the fail 
greater; the reſiſtance of the medium will be greater 
alſo. Hence therefore, as there is a diminution of the 
ſection of the wind intercepted on one hand, and an 
increaſe of reſiſtance on the other, there is ſome angle; 
where the diſadvantage ariſing from theſe cauſes up- 
on the whole is the leaſt of all; but as the diſadvan- 
tage ariſing from reſiſtance is more of a phyſical than 
geometrical conſideration, the true angle will beſt be 
aligned by experiment. 


| SCHOLIUM.. | 
In trying the experiments contained in Tab. III. 
and IV. the different ſpecific gravity of the air, which 
is undoubtedly different at different times, will cauſe 
a difference in the load, proportional to the difference 
of its ſpecific gravity, tho its velocity remains the 
ſame ; and a variaMn of ſpecific gravity may ariſe: 


not only from a variation of the weight of the whole 
column, but alſo by the difference of heat of the air 
concerned in the experiment, and poſſibly of other 
cauſes; yet the irregularities that might ariſe 
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difference of ſpecific gravity. were thought to be 
too ſmall to be perceivable, till after the principal 
experiments were made, and their effects compared; 
from which, as well as ſucceeding experiments, thoſe 
variations were found to be capable of producing a 
ſenſible, tho no very conſiderable effect: however, 
as all the experiments were tried in the ſummer ſea- 
ſon, in the day-time, and under cover; we may ſup- 
poſe that the principal ſource of error would ariſe 
from the different weight of the column of the atmo- 
ſphere at different times; but as this ſeldom varies 
above A part of the whole, we may conclude, that 
tho' many of the irregularities contained in the experi- 
ments referred to in the foregoing eſſay, might ariſe 
from this cauſe; yet as all the principal concluſions 
are drawn from the medium of a conſiderable num- 
ber, many whereof were made at different times, it 
is preſumed that they. will nearly agree with the 
truth, and be altogether ſufficient for regulating the- 
practical conſtruction of thoſe kind of machines, for- 
which uſe they were principally intended, 
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